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TESTS OF LOW-GRADE AND COMPLEX ORES IN 
COLORADO. 


By Witt H. Coenirt anp C. O. ANDERSON 


INTRODUCTION. 
PURPOSE AND SCOPE OF THE INVESTIGATION. 


Those familiar with the mining industry in Colorado have recog- 
nized that metal mining has been on the wane throughout the State 
for several years and that the mineral production has decreased in 
both quantity and value, until metal mining no longer holds the 
leading place among the industries of the State. 

Statistics recently compiled by the State board of immigration 
from Government, State, and other sources, show the relative impor- 
tance of the basic industries of the State according to the value of 
their products as follows: Agriculture, live stock, manufacturing, and 
mining. It will be noted that mining has been given fourth place, 
which represents a marked decline from the premier position for- 
merly held. 

The reason metal mining has failed to maintain its former posi- 
tion of importance is twofold; first, the other industries of the State, 
particularly agriculture, have had an unusually rapid growth in 
recent years, which has greatly increased the value of their output; 
and, second, the mineral production of the State has decreased 
because the rich and more readily accessible deposits have been 
largely exhausted, and the primary sulphide ores are in many instances 
too low grade to be profitably exploited or too complex in their 
mineralogical and physical composition to be amenable to the 
usual treatment methods for turning the valuable metallic con- 
stituents to commercial account. 

Naturally the mining men of the State are much concerned over 
the future of the industry, and numerous suggestions have been 
advanced from time to time as to steps that might” be taken to 
rejuvenate mining and thus restore to it something of its former 
position of importance. 


1( <éabento Year Book, 1920, 


1 


Google 


2 LOW-GRADE AND COMPLEX ORES IN COLORADO. 


As a first step in this direction it was proposed that a field investi- 
gation of the low-grade and complex ores of the State should be 
undertaken jointly by the Colorado School of Mines and the United 
States Bureau of Mines, with the object of determining the character 
and approximate quantity of these ores, and, where found in suf- 
ficient quantity to constitute a metallurgical problem, to carry on 
experimentation at the laboratories ingGolden in an effort to devise 
suitable treatment, and thus make them commercially valuable. The 
officials of the School of Mines and of the Bureau of Mines readily 
gave their consent to this proposal and as a result a bill, providing 
for a joint investigation, was introduced by Messrs. Hall, Girard, 
and Jenkins at the special session of the legislature,which was called 
by Governor Shoup in December, 1919. 

The bill as passed by both branches of the legislature and approved 
by the governor on December 19, 1919, is known as house bill No. 
13, and is as follows: 

An act to create a fund known as State ore testing and experimentation fund, to 
encourage, assist, and promote the metal mining industry and providing the manner 
in which such fund shall be used. - 

Be it enacted by the General Assembly of the State of Colorado: 

Section 1. For the purpose of encouraging and assisting the mining industry of 
the State of Colorado and to promote the extension of such industry there is hereby 
appropriated for the calendar year 1920, out of any money in the treasury not other- 
wise appropriated, the sum of fifteen thousand dollars ($15,000), which amount shall 
constitute a fund to be known as the State ore testing and experimentation fund. 
Such fund shall be used only for the purpose of testing and experimenting in the 
treatment and reduction of Colorado ores, under the supervision and direction of 
the board of trustees of the Colorado State School of Mines in furtherance of the plans 
and along lines determined by the United States Bureau of Mines. 

Sec. 2. The appropriation herein provided shall be an appropriation of the third 
class. 

Sec. 3. The auditor of the State is hereby authorized and directed to issue his 
warrants against the State ore testing and experimentation fund in payment of 
expenses incurred in ore testing experiments and investigations made under the super- 
vision of the board of trustees of the Colorado State School of Mines, upon vouchers 
signed by the president and secretary of such board of trustees and approved by the 
State auditing board. 


Sec. 4. In the opinion of the general assembly an emergency exists; therefore, this 
act shall take effect and be in force from and after its passage. 


FIELD WORK. 


Preliminary plans for the State survey and experimental work 
were made Sifter consultation with a group of prominent mining 
engineers, representing, as far as possible, the various mining dis- 
tricts of the State. In forming the program for the work the Bureau 
of Mines was represented by D. A. Lyon, chief metallurgist and super- 
visor of stations; by Dr. R. B. Moore, chief chemist; by Dr. S. C. Lind, 
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superintendent of the Golden station; and by Will H. Coghill, metal- 
lurgist. The School of Mines was represented by Dr. Victor C. 
Alderson, president; by J. C.Willianis, assistant director of the experi- 
mental plant; and by several members of the faculty of the School 
of Mines. The general direction of the work was placed in the hands 
of the superintendent of the Golden station of the Bureau of Mines, 
in consultation with the president of the School of Mines. 

The work was, in general, divided into two parts, consisting of a field 
survey of the principal mining districts and of metallurgical experi- 
mentation upon the samples forwarded from the field to the labora- 
tories at Golden. 

R. R. Hornor, mining engineer of the Bureau of Mines, was fur- 
loughed to take charge of the field work, with B.C. Essig representing 
the State as his assistant. Mr. Essig took up the work about the 
middle of Fekruary, 1920. During February and March the old 
mining districts of Georgetown, Silver Plume, Idaho Springs, and 
Central City were visited, and later Breckenridge, Leadville, and 
Aspen. 

On April 15, Mr. Hornor took up the field work and in company 
with Mr. Essig made a more detailed study of the ores of Gilpin 
and Clear Creek Counties. The next districts visited were Creede, 
Del Norte, Bonanza, Ohio City, Whitepine, and Monarch. Finally, 
the San Juan region, including the Silverton, Eureka, Red Mountain, 
Ouray, Telluride, Rico, and Lake City districts, was investigated 
during July and August. This, with a further visit to Leadville and 
Kokomo, completed the field survey. 

In each of the districts visited a careful investigation was made 
of the mining and milling practice, character of the ores being mined 
and milled, and the treatment problems involved. Altogether 63 
metallurgical samples were obtained from the various ore deposits 
examined, and forwarded to Golden for examination and treatment. 


EXPERIMENTAL WORK. 


The experimental work consisted, first, in a careful physical exam- 
ination of the ore, followed by a complete chemical analysis to deter- 
mine the valuable metallic constituents. If these preliminary tests 
showed that the combined minerals were so locked in the ore that 
they could not be readily separated into marketable products, then 
methods of treatment were applied which experience had shown 
would most likely give the desired fesults. The metallurgical work 
was under the immediate direction of Will H. Coghill, assisted by 
C. O. Anderson, J. P. Bonardi, and Max Shapiro, of the United States 
Bureau of Mines, and by J. C.Williams and E.V. Ingels, representing 
the State. 
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MINERAL AREAS OF COLORADO. 


A glance at the accompanying map of Colorado (Fig. 1) will show 
that the mineral areas are confined to the mountainous parts of the 
State, and that within this region the ore deposits are not by any 
means uniformly distributed. The most important deposits are 
confined mainly to a diagonal belt extending from Boulder County 
southwest to Dolores County—a distance in a direct line of nearly 
250 miles. 

This main mineral belt may be divided into three areas, which for 
convenience will be designated as follows: 

(1) Northeastern, comprising the mining districts in Boulder 
Gilpin, Clear Creek, Summit, Eagle, Park, and Lake Counties. 

(2) Central, comprising the mining districts in Pitkin, Chaffee, 
Gunnison, and Saguache Counties. 

(3) Southwestern, comprising the mining districts in Ouray, San 
Miguel, Dolores, San Juan, Hinsdale, and Mineral Counties, com- 
sionly known as the San Juan region. 

Outside the main mineral belt and lying in the front range of 
mountains are the districts of Cripple Creek in Teller County and 
Silver Cliff in Custer County. Cripple Creek is well known as one 
of the principal gold-producing districts of the United States, and 
Silver Cliff was formerly an important producer of rich silver ores. 

Besides the gold and silver deposits in the districts mentioned 
above, there is an entirely different class of deposits situated mainly 
in Montrose and San Miguel Counties. These deposits contain ores 
of vanadium, uranium, radium, and occasionally copper, disseminated 
in sedimentary beds, chiefly sandstone. 
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TREATMENT OF THE ORES. 
COMMENTS ON COMMERCIAL AND LABORATORY PRACTICE. 


Differential flotation—that is, flotation of one mineral in advance 
of another to make a complete separation—is not generally successful, 
and, with one exception, its application to Colorado lead-zine ores is 
a failure. Fortunately, however, the success of separating galena 
from sphalerite does not stand or fall with so-called differential flota- 
tion. Galena, because it has a greater specific gravity than the 
economic minerals accompanying it, is well adapted to recovery by 
gravity concentration. Only when intimate interlocking with other 
minerals makes impossible a physical process of separation should 
this method be neglected. : 

Due precaution as to the manner of grinding is necessary. The 
grains that become excessively ground may require flotation to recover 
them from the gangue minerals, but, in turn, they may be recovered 
with fair success from the flotation overflow by concentrating tables. 

Because of the lesser specific gravity of sphalerite, its recovery 
depends more on flotation than does galena. However, if it is 
easily liberated from its matrix, it, too, may be recovered from the 
gangue by gravity concentration. Separation from the commonly 
associated pyrite may then be made by magnetic concentration. 
The problem is more complicated where the nature of the mill feed 
requires grinding the sphalerite and pyrite to a fine mesh such as is 
required for flotation. Then the customary methods for removing 
pyrite from sphalerite are more difficult. 

Colorado zine concentrates are obliged to compete in the market 
with superior products from other sources and a better process for 
grading the fine material is imperative. This need was kept in mind 

~ throughout the tests. 

So-called differential flotation is generally dependent on the addi- 
tion to the.charge of certain carefully selected reagents in very definite 
and usually small quantities. In such a mixture the favorable con- 
ditions are too easily upset; rock drills spray into the stope approx- 
imately 0.05 pound of lubricating oil per ton of ore; aerial tramway 
ropes dribble grease into the loaded buckets, and crushers placed over 
the hopper copiously spread their lubricants. All these at irregular 
intervals feed a diversity of oils to the ore, and are likely to interfere 
with the effect of the reagent chosen. Gravity concentration will 
often aid in combating this menace. 

Metallurgists have plunged into the practice of flotation with the 
idea that very fine grinding is not objectionable and that the eco- 
nomic minerals can be floated successively to make satisfactory con- 
centrates of each; as a result types and arrangements of grinding 
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machinery have been adopted that are hard to remodel and adapt to 
gravity concentration for the recovery of galena. Because of the 
longevity of stamps they still exist in many of the mills and are 
offenders in causing excessive fineness. The difficulty of recovering 
galena is increased by too fine grinding, but if the grinding is properly 
performed the losses will be moderate. Stage grinding is imperative. 

Classifiers, so well developed in and so well adapted to the cyanide 
process, are found working in closed circuit with the grinding ma- 
chines and as a result the sulphides are ground too much. The classi- 
fier discharge is usually so regulated that locked sulphides are kept 
in the circuit until liberated, and consequently free sulphides hy- 
draulically classified are retained in the grinding circuit and ground 
too fine for the most efficient gravity concentration. This is very 
noticeable when the heavy sulphide, galena, is present. If the 
economic minerals had a lower specific gravity than the gangue 
hydraulic classification would be ideal, but the reverse is true, and 
an extra pass through a grinding mill makes them too fine for good 
gravity concentration and for smelting. 

The necessity of passing the classifier sand over concentrating 
tables to recover the free sulphides is now being recognized, or the 
classifier sand may be screened and the undersize passed over a table 
to recover free sulphides. The last procedure brings up the question, 
what is the use of a classifier in a closed circuit if a screen will do the 
work more effectively? The efficacy of the classifier should be 
seriously questioned when gravity concentration follows. The classi- 
fier (in conjunction with the screen) will remove the material that 
would pass the screen most easily, rob the screen of water required 
for a wash, and necessitate a dilution in the overflow that will be 
troublesome in the subsequent treatment. 

A rapidly vibrating screen or a traveling screen should be con- 
sidered as a substitute for classifiers in the closed grinding circuits 
where table concentration follows. Manufacturers should be en- 
couraged to develop fine-mesh screens. 

The cyanide process passed through its era of development with- 
out experiencing the successive applications of blundering empiri- 
cism suffered by sulphide concentration. Cyaniding was introduced 
. more auspiciously. It is a solution process, and dissolving by means 
of chemicals was not new; only the application was new. Chemicals 
were used quantitatively in accord with the common practice of 
chemistry, and their effects were determined in like manner. Flota- 
tion, on the other hand, came as if from another world. It had no 
relative, and no analogies except, perchance, the “floating needle” 
and the sulphide held by film suspension. Empiricism was a natural 
consequence. 
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Concentration mills are built without due consideration of the 
nature of the ore, and the flow sheets usually are not flexible. it is 
unfortunate that the industry is not better supplied with adequate 
commercial ore-treating laboratories to determine suitable methods 
of treatments. For this condition the industry itself is to blame. 
Too many mining companies prefer to plunge into the purchase of 
milling machinery and hesitate to spend small sums for ore testing. 
As a result, the operators of ore-testing laboratories are discouraged 
from buying more than the most simple equipment. If they were 
properly supported, the industry would be given better service in 
ore testing. 

In flotation too much is expected of the rougher. To try to 
recover all the economic mineral in a marketable concentrate and in 
the same procedure to try to make a low-grade tailing is impractical, 
that is, the rougher should be used primarily to remove the economic 
minerals from the gangue and to discharge a low-grade tailing. 
After the gangue and the water polluted by the flotation reagents have 
been discarded, the economic minerals may be treated in a separate 
circuit. 

An adequate miniature mill is the only means by which labora- 
tory results may be satisfactorily coordinated with commercial ore 
treatment. Such a mill should be provided with jaw crushers and 
rolls arranged for stage crushing, tube mills to grind in closed circuit, 
tables and multiple-cell flotation machines. It should be designed 
to treat about 400 pounds a day. Special apparatus for the addi- 
tion of flotation reagents would be required. In experienced hands, 
this equipment should give results closely paralleling good milling 
practice. 

Unfortunately, however, the experimenter is generally obliged 
to work by steps—that is, to apply an intermittent treatment. This 
is very difficult throughout. During stage grinding in a laboratory 
ball-mill, the mill should be unloaded at frequent intervals to remove 
the portion of the charge that has been ground to the desired fineness. 
When table concentration is desired, much difficulty is ‘caused by 
the smallness of the table and by the small quantity of feed; laboratory 
slime tables are almost unheard of. 

A great deal of study is required to develop a system of locked 
testing so that a proposed mill flow sheet may be approximated. 
In flotation testing the first requisite is to determine how to make 
a low-grade tailing. This having been done, the low-grade con- 
centrate may be returned for cleaning. The cleaning treatment 
will produce a middling that must receive careful attention. The 
binocular microscope is indispensable throughout the work, but it 
must not be relied on wholly, and guessing about the recoveries 
that the middlings will yield is to stop short of the proof. The 
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middling should be returned to the rougher circuit in a locked test. 
After several runs, the distribution of the minerals will be evident 
from the grade of the products. 

For many ores, the most desirable procedure in laboratory and 
commercial flotation is bulk flotation—that is, to float all the eco- 
nomic minerals, and subsequently discharge the tailings. The 
gangue and the accompanying polluted water having been discarded, 
the mixed sulphide concentrate may then receive intensive treatment. 

Bulk flotation has often been opposed by the argument that a 
mineral grain once floated will be floated again, but this argument 
has not been proved valid in the work discussed in this report. 
Treatment of the mixed sulphide concentrate after discarding 
the tailing has much to commend it. If the ratio of concentration 
is five into one, then 80 per cent of the mill feed is at once discarded. 
Furthermore, polluted water is discarded, and then water carrying 
the desired chemical reagents may be applied in exact quantities to 
the mixed sulphides. Too much emphasis can not be placed on this 
principle. Physical chemists have often demurred when asked to 
discuss the principles of flotation, because of the multiplicity of 
solid and dissolved constituents in the mixture. Bulk flotation 
followed by a separate treatment of the mixed sulphides divides the 
study into steps so that the conditions may be determined more 
easily. The conditions favorable to flotation having been thus 
determined, they may be regained more easily when lost by unavoid- 
able occurrences. 

Many ores are naturally in an ideal condition for bulk flotation. 
There is danger of abusing such ores and causing undue loss, when 
reagents are added to prevent a certain economic mineral from 
floating while another is recovered This, however, is the tendency 
in the much-flaunted differential flotation. If the natural condition 
of the ore allows one economic mineral to enter the overflow in 
advance of another, it would be folly not to take advantage of the 
natural segregation, rather than to add a reagent to make one of the 
minerals immune to flotation, and, in turn, to add another reagent 
to nullify the effects of the first reagent. Such practice unduly 
pollutes the mill solution. .To be sure, if no other means will give 
the desired results, the method must be tolerated, but investigators 
should strive to eliminate such inconsistencies. 

The mixed sulphides resulting from bulk flotation are in excellent 
condition to yield a high-grade galena concentrate on tables. This 
statement presupposes adequate stage crushing and the recovery 
on jigs and tables of galena too coarse for flotation. The capacity of 
the gravity-concentration unit is increased many fold when the unit 
treats only the mixed sulphides instead of the mill feed The lead 
concentrate will be of higher grade because of the richer table feed 
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and the previous elimination of siliceous slime; the treatment may be 
more intensive than when treating millfeed. The excessively ground 
galena will overflow the table and with other minerals in a similar 
condition pass off in suspension. Fortunately, however, galena 
which is fine enough to remain in suspension on the concentrating 
table will generally float freely in advance of the other minerals that 
would contaminate a lead flotation-concentrate. The proper applica- 
tion of flotation reagents will then recover the finest galena on the first 
cell of the rougher. The galena in the rest of the rougher overflow 
may be recovered by gravity concentration. If sphalerite and pyrite 
are present in the ore, the tailing from the concentrating table. will 
contain these minerals in a highly segregated mixture. An intensive 
treatment of this mixture by flotation may now proceed. The 
scheme adopted must be one that will float the zinc and discharge the 
pyrite and other minerals as a by-product in the underflow. It will 
be seen at once that the pyrite that floated in the rougher, having 
undergone segregation on the table and during the subsequent 
flotation treatment, will predominate in the flotation underflow and 
may be regarded as an iron by-product to be thrown away or shipped, 
depending on its lead, gold, and silver content. This by-product 
will unavoidably carry some “insoluble,” and if desired may be passed 
over a concentrating table for further grading-up. 


PRELIMINARY STUDY OF DICHROMATE SOLUTIONS. 


At the outset of the work the literature on flotation was searched 
for instances of reagents used to effect separation among any of the 
following four sulphides: Chalcopyrite, galena, sphalerite, and pyrite. 
To be sure, the economic requirements in Colorado bring the separa- 
tions down to this problem—to get the copper, lead, and iron away 
from the zinc. It has been found in general that if these three 
metals are separated from the zinc, the precious metals, » gold and 
silver, will also be separated. 

A study of the action of the various salts used to effect a separation 
between lead and zinc sulphides by flotation and experimentation 
with a number of them in this work has led to the following general 
conclusion: No inorganic salt alone possesses the requisite property 
of making a decided separation between two sulphides, but almost 
any salt has at least a slight tendency to effect a separation of two sul- 
phides. In the light of the present knowledge of flotation, however, 
these slight tendencies can not be controlled enough to effect the 
complete separations. Certain oils are better for floating one sul- 
phide than for floating another, but no oil is known that will give a 
sharp separation of two sulphides with good extractions. 

Much of the work done in the past on differential flotation has 
relied partly on the relative degree of flotability of the various sul- 
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phides. In general, if an ore containing the four above-mentioned 
sulphides is floated in neutral water with an oil such as wood oil but 
with no other reagents, the lead and copper will predominate at the 
beginning of the run; as the run proceeds the proportion of them in 
the froth will decrease and the zinc will predominate. As the zinc 
decreases or as the end of the run approaches, the iron will pre- 
dominate, and at the end of the run the gangue or sand will con- 
stitute most of the overflow. A run cut short will often leave a 
large percentage of the iron in the underflow and will recover a 
fair percentage of the other minerals. Some operators, in their 
efforts to get a zinc product low in iron, have been compelled to cut 
the run short and consequently leave too high a percentage of zinc 
in the tailings. 

After experiments for some time with various reagents (keeping 
the number of oils down to two or three) to separate lead and iron 
from zinc, the following idea was adopted for further work: A reagent 
must have considerable chemical activity in order to make a decided 
separation of two sulphides, as very dilute solutions are used in flota- 
tion work. Naturally this limits the reagents chiefly to oxidizing 
agents. The concepts following summarize in general the knowledge 
gained from the experience with Colorado ores. Oxidizing agents 
are considered the most likely to effect a separation of two sulphides, 
If the reagent attacks all the sulphides, those sulphides forming com- 
pounds soluble in the flotation medium will be more likely to float, 
whereas those forming insoluble compounds, such as oxide films, will 
be rendered immune to flotation. 

The various sulphides consume oxidizing reagents at different rates. 
One sulphide may consume a reagent so rapidly that another sul- 
phide will not be affected and yet will float. An acid solution of a 
dichromate, such as that of sodium or potassium, has been the only 
reagent so far found effective in the work of separating the various 
sulphides in these Colorado ores.?, Experiments with this reagent 
will be described, because they represent the procedure used in inves- 
tigating the various reagents and because this is the only reagent used 
in making a clean separation of two sulphides. A convenient way 
of determining the effect of oxidizing agents on the various sulphides 
in a flotation mixture is to use the iodometric method, and titrate 
with sodium thiosulphate.* These tests were made with pure speci- 

2 There are two United States patents on the use of dichromate solutions; 1,102,738 by Greenway and 
Lowry , 1,142,821 by Lavers. The first is for neutral and second is for alkaline solutions. The acidsolution 
seems not to be patentable. Thornberry and Mann in their bulletin on ‘‘The effects of addition agents 
in flotation,” published at the Missouri School of Mines, November, 1919, show that chromate and dichro- 
mate salts and chromic acid have a very retarding effect on the flotation of lead. 

4 The procedure for titrating the dichromate solution with sodium thiosulphate is as follows: A portion 
of the flotation solution containing the dichromate is filtered and made distinctly acid. About 1 gram 


potassium iodide (10 per cent solution) is added, followed by starch solution giving the characteristic blue 
color. Thiosulphate is run in from a burette until the blue color is just discharged. 
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mens of the various sulphides ground through 60-mesh. Theoreti- 
cally, the following equation indicates the amount of acid necessary 
to liberate the total oxidizing power of the dichromate: 


K,(10, + 4H,S0, — K,S0, + Cr,(80,), + 410 + 3/0, 
94 392 


Or 392 grams of acid are necessary for 294 grams of dichromate, or 
0.73 c. c. of acid (sp. gr. 1.84) is required for 1 gram of dichromate of 
potassium; 0.81 c. c. acid is required for 1 gram of sodium dichro- 
mate. Potassium dichromate was used in the preliminary tests but 
sodium dichromate was found to be effective in the flotation work 
and was used because it is cheaper. 

’ To determine the effect of the reagent on sphalerite, galena, and 
pyrite, 25 grams of the mineral was placed in 300 c. c. of water con- 
taining 1 gram K,Cr,O, and 0.73 c. ¢. H,SO,. The mixtures were 
agitated for various periods of time, then a small portion was filtered 
and titrated with thiosulphate. 
Table 2 shows the results obtained: 


TaBLe 2.—Consumption of acid dichromate by sphalerite, galena, and pyrite. 


Acid dichromate consumed, c. ¢. 


Period of agitation, = : 
minutes. 
Sphalerite. Galena. Pyrite. 
0 0.0 0.00 0.00 
2 cae +97 anale 
5 0 97 45 
10 .0 ‘ 7 58 
15 0 eis 7 
20 -0 ose 
30 a) 7 


Seemingly the sphalerite does not consume the available oxygen 
in the acid dichromate solution. The surface of the sphalerite 
did not seem to be affected. The galena readily consumed the avail- 
able oxygen from the acid dichromate and turned yellow. No 
quantitative tests were made to find out how much oxygen the 
galena would consume, but it was noted that 25 grams would con- 
sume even the oxygen from 4 or 5 grams of dichromate in a similar 
test. The pyrite consumes the oxygen {rom the dichromate gradu- 
ally and becomes tarnished, so that it has the appearance of chal- 
copyrite. 

Here are three sulphides all showing different rates of con- 
sumption of dichromate; the zinc consuming none, the iron having 
a gradual rate of consumption, and the lead producing an almost 
instantaneous consumption. 

The mixture containing the sphalerite was filtered. The filtrate 
was tested for zinc and found to contain 0.082 gram. In turn, 

96210°—23——2 
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sphalerite (25 grams) was agitated in 300 c. c. water containing 1 
gram of acid-free K,Cr,0,. The filtrate contained only 0.004 gram 
zinc, indicating that the acid present in the first test had attacked the 
zinc appreciably. Furthermore, when this amount of sphalerite 
was agitated in 300 c. c. water containing 0.73 c. c. H,SO,, the filtrate 
contained 0.302 gram zinc, a far greater amount than when the 
dichromate was present with the acid. - 

The filtrate from the galena contained lead. The galena resi- 
due was washed in a 2 per cent ammonium acetate solution to dis- 
solve any lead sulphate or oxides of lead. The solution was filtered 
and 0.2626 gram of lead was found therein. The filtrate from 
the pyrite contained much dissolved iron. When a synthetic ore 
charge containing these three sulphides with quartz was agitated 
in an acid dichromate solution in a flotation machine with oil, the 
sphalerite floated readily, whereas the bulk of the galena and pyrite 
remained in the underflow. 

Experiments were made in which the amount of acid present 
per gram of dichromate was varied from an assumed optimum. 
These showed that the lead and iron sulphides were more readily 
floated both with increase and decrease of acid. Furthermore, the 
amount of dichromate consumed (or reduced) was less when the 
amount of acid present decreased. 

The explanation offered is this: The dichromate reacted with 
the galena, discoloring it and forming some compound on the sur- 
face of the particles, inhibiting flotation. This compound became 
more soluble in the flotation medium as the amount of acid was 
increased, and, since it dissolved, the galena particle would still 
float; but when no acid was present the effect of the chemical reaction 
was lost. As mentioned above, there was lead in the filtrate, an 
indication that some had been dissolved. As the acid was decreased 
to the optimum the compound formed on the galena particles was 
less readily removed and consequently the particle was less floatable. 
This result is in accord with the curves shown in Figure 2, page 19. 

The same holds true for the pyrite. The dichromate solution 
tarnishes it, but excess acid present will remove the compound com- 
posing this tarnish and yet allow the pyrite to float. A quantity 
of pyrite that had been subjected to the action of the acid dichromate 
was washed free from this solution and put with quartz into a flota- 
tion machine. When oil was added, very little pyrite floated, but 
when 5 c. c. acid was put into the machine, fully 90 per cent of the 
pyrite floated. Examination of the floated pyrite under a micro- 
scope showed that the tarnish had disappeared. 

A small amount of acid is necessary for the dichromate to react 
on the lead and iron sulphides. In this work it was found that 0.10 
c. c. to 0.15 c. ¢. acid per gram of dichromate works most satisfac- 
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torily. There is considerable question as to what compounds are 
formed by the dichromate with the sulphides. The galena is colored 
yellow, perhaps forming a lead chromate. However, if galena is 
subjected repeatedly to fresh acid dichromate solution, it becomes 
covered with a snow-white deposit of sulphur, possibly formed by the 
action of dichromate on hydrogen sulphide resulting from the action 
of the acid on the sulphide. In flotation tests ordinarily the lead 
simply loses its luster and becomes dull. A decided tarnish on the 
pyrite has been noted, but no surmise is made as to what compound 
is formed. There is room for considerable experimental work to 
settle these questions. 

In flotation testing, samples of the solution may be taken fre- 
quently for titration to determine how much dichromate is_ being 
consumed. To what extent exhausted or partly exhausted dichro- 
mate solution may be used is still an open question. The problem 
of the effect of the accumulation of salts and oil in this solution will 
require more investigation before it is settled. 

In the work on Colorado ores the dichromate was not relied on 
to separate all the lead from the zinc, the lead being removed as 
much as possible by other means. The main function of the 
dichromate. was to remove the iron from the zinc, and in doing this 
it also removed some of the lead, silver, and gold from the zinc. 
All types of Colorado zinc sulphide so far studied have been found 
to float readily in this dichromate solution, although the types 
containing combined iron are less floatable than those free from 
iron. The floatability of iron-bearing zinc sulphides in dichromate 
solution may be increased by finer grinding and by grinding in oil. 

After the completion of the preliminary experimental work with 
acid dichromate solutions as just described, it was desirable to carry 
out some tests with this reagent in the laboratory flotation-machines. 
‘“Made-up” or synthetic charges of the various sulphides with a 
siliceous gangue were tried first. 

In the early part of the work particular attention was paid to the 
use of dichromate for separating lead and zinc and only incidental 
attention was given to the fact that the pyrite was retarded. Late 
in the testing, when it had been decided to remove the lead as much 
as possible by other means, the main importance attached to the 
dichromate was its function in removing pyrite from the sphalerite or, 
in other words, in aiding to “‘grade-up” the zinc to a desirable com- 
mercial product. Another point in this early work was the stress 
laid upon the treatment of the three sulphides, galena, sphalerite, and 
pyrite. It was thought best to attempt first to work out a system of 
treatment for these three minerals and later to give attention to the 
chalcopyrite (which, as a rule, occurs in Colorado ores in quantities 
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equivalent to not more than 0.50 per cent copper) and to the precious 
metals, gold and silver. 

Bulk flotation and locked testing were emphasized in the “com- 
ments,” but in the first tests most of the work was done by single 
runs with 500-gram or 1,000-gram charges, in order that the general 
behavior of the ore and reagents might be easily determined. With 
the laboratory facilities, results could be obtained from a small charge 
of ore in ashort time, whereas for a locked test of say 10,000 grams, 
the results would not be complete for four or five days. Locked 
testing of large charges of ore before certain essential conditions are 
known is almost entirely a waste of time. 

Terms for the various steps in the treatment in the dichromate 
solution must be assigned. It has been stated that the treatment 
of a sphalerite-pyrite mixture in the dichromate solution gives an 
iron product, or by-product, in the underflow from the flotation 
machine. Such a product is then a “tailing,” or, at least, it is a 
finished product as far as flotation is concerned. As the treatment 
makes a tailing, or the equivalent of a tailing, it must-necessarily be 
“roughing flotation treatment.’”’ Any subsequent treatment of the 
froth in the solution is a “cleaning” treatment, because middlings 
are made and returned to the circuit. Furthermore, in locked testing, 
the running of each charge constitutes a “run.” Thus, a middling 
made in the third run will be added to the fourth run. The entire 
operation, including gravity concentration and flotation, constitutes 
a “locked test.” 

The flotation machines mostly used are the 4-liter and the 9-liter 
hollow-shaft type. The concentrating table is a 12 by 30 inch 
Wilfley. Fine grinding was done by means of flint pebbles in porce- 
lain jars, unless otherwise stated. City water was used; after boil- 
ing, it reacted alkaline to phenolphthalein, indicating the presence of 
bicarbonates. 

The analytical work was done with accuracy and speed by E. V. 
Ingels. 

In some of the tables where the error is allowable, though appre- 
ciable, the feed assay is ‘‘calculated.” 

The terms, selective flotation, preferential flotation, and differential 
flotation, have no place in the following report. They are unneces- 
sary. There are only two procedures that require naming. (1) The 
economic minerals are floated together. If no further separation 
is desired, the term ‘‘flotation’”’ is entirely adequate. If subsequent 
separation is necessary, the term, bulk flotation, may be used in 
place of “flotation.” (2) If one mineral is floated in advance of 
another, it is better to say so rather than to befuddle the reader with 
meaningless terms. 
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TESTS OF COMPLEX SULPHIDE ORES. 
SMUGGLER, AT SILVER PLUME. . 


The field sample was taken from the fifth level of the Smuggler 
mine, at Silver Plume, operated by the Stewart Marshall Corpora- 
tion. It assayed 18.1 per cent Pb, 25.4 per cent Zn, and 121.03 
ounces Ag, and was a good ore for studying the effect of dichromate 
on the lead and zine sulphides in particular. 

The first test made of the Smuggler ore was with a charge of 500 
grams stage-ground through 60-mesh in the dry condition. 

No. 350 crude pinewood oil, Pensacola Tar & Turpentine Co., was 
used. This oil is especially effective for both bulk flotation and for 
flotation of the sphalerite in dichromate solutions. 

Bulk flotation was practiced on the crude ore after which the 
overflow was given a roughing treatment in dichromate solution 
without any acid present. In treating the Mendota ore (p. 21) tests 
were made in which acid was absent or present in varying quantities. 
The dichromate was not consumed in this test, as shown by titrations 
before and after flotation. 

Table 3 gives the results. 


TasLe 3.—Flotation of Smuggler ore and treatment of froth in dichromate solution 


without acid. 
| é. [ 
Lead. Zine. Tron. 

Per Per Per 
Product. Assay | cent of | Assay | cent of| Assay | cent of 

«| (per feed (per feed (per leed 

con- | cent). | con- | cent). | con- 

t. tent. tent. 
F000 soicpco est cescsosedsescvceesvecas 100. 0 26.2] 100.0 6.4 100.0 
—— a 
Zine Product. <5. scess0ssecsesessncess 15. 2 48.7 61.2 | 5,9 30.4 
Middling.......... Es 14.1 42.6 29.0 5.7 15.9 
Lead-iron underflo 65.5 6.6 7.6 10.1 47.3 
Mailing (2 24 C3 entre sesescaadctenssees 7 14 9 | 1,2 3.2 
Footing......ccsccccceececceee-| 480] 07.8 [ee ie 5 See GAT csestae | 06.8 


The feed analysis shows the ore to be very high in sulphides. 
If the “zine product” and “middling” are combined, the zine 
recovery is 90.2 per cent in a product assaying 11 per cent Pb, 
46 per cent Zn, and 5.8 per cent Fe. The “lead-iron underflow”’ 
contains 65.5 per cent of lead in a product assaying 42.5 per cent 
Pb, 6.6 per cent Zn, and 10.1 per cent Fe. In connection with 
this product, the results show 47.3 per cent of the iron with the lead. 
These figures indicate a fair separation of the galena and pyrite 
from the sphalerite. 

The ore was so obviously amenable to this process when per- 
fected that more attention was given to further research than to 
directly obtaining good commercial results. 
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Screen analysis of the “zine product’? showed that 97 per cent 
of the lead therein was minus 200-mesh. The outstanding feature 
indicated by this analysis is the segregation of the lead in the fines. 
The fine lead is the product difficult to remove from the zinc; the 
neutral dichromate solution does not retard it effectively, nor do 
the acid solutions. The iron is not segregated to any appreciable 
extent on the various meshes of the zinc product. 

The conclusion drawn is that the fine lead will be a troublesome 
factor, whereas the iron, either fine or coarse, is more effectively 
acted on by the dichromate. 


IRON CITY, AT BLACKHAWK. 


The Iron City mill at Blackhawk, leased by the Midwest Mining & 
Milling Co., in its present practice makes a table lead-zinc-iron 
middling which is not salable because not capable, on account of 
the high content of pyrite, of being ‘‘graded up” enough. This 
product, assaying 10.6 per cent Pb, 11.4 per cent Zn, 27.2 per cent 
Fe, 0.40 per cent Cu, 0.48 ounce Au, and 7.48 ounces Ag, was studied, 
first, to observe the effect of the dichromate solutions, and, second, 
to eliminate iron and to recover some of the lead. 

This middling, containing such a high proportion of sulphides, 
did not require a bulk-flotation treatment before being subjected 
to the dichromate solution. 

A series of comparative runs with 500-gram charges was made 
to determine the amount of acid or alkali necessary in a dichromate 
solution to give the best separation of the three sulphides. The 
amount of dichromate was kept constant, but the acidity and alka- 
linity were changed. The following procedure was used: As the 
product coming from the mill contained material as coarse as 20- 
mesh, it was screened on 120-mesh; the coarse was ground wet in 
a porcelain jar, then the fines and some No. 350 Pensacola Tar & 
Turpentine Co. oil (crude pine oil) were added to the charge, and 
the grinding was repeated. The ground mixture was charged into 
a 4-liter machine with a solution containing 2 grams dichromate 
(0.05 per cent) and varying amounts of H,SO,.or Na,CO,, according 
to Figure 2. The condition of the solutions ranged, on the one hand, 
from neutral to an acidity of 1 c. c. concentrated H,SO,, and, on 
the other hand, to an alkalinity of 5 grams Na,CO,. The ordinates 
represent the recoveries of the various sulphides in the overflow; 
that is, a low extraction corresponds to a considerable retardation 
of the mineral from floating, and a high extraction indicates ready 
flotability. 

An examination of the curve for lead shows that this sulphide 
floats very well (82 per cent) in the strongest alkaline solution em- 
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ployed, and also that it floats moderately well (55 per cent) in the 
strongest acid solution used. The curve for lead, however, has a 
minimum point corresponding to 0.3 ¢. ¢. acid, in which lead is least 
flotable (26 per cent). 


~ ARE 
Enis Pt oa ee 
EAS Ee Ne 


RECOVERY, PER CENT. 
s 


10 ©8605 0.3 0.1 0.5 2. 
: NEUTRAL. 
H80,, C. C. NasCOs, GRAMS. 


Fig. 2.—Extraction of galena, sphalerite, and pyrite in a dichromate solution of 4 liters 
HNOs to 2 grams NasCr20;, with certain proportions of sulphuric acid and sodium car- 
bonate. a, Zinc; b, lead; c, iron. 


The curve for iron indicates a progressively greater retarda- 
tion as the solutions decrease in alkalinity and increase in acidity. 
However, it is known that a solution containing 4 ¢.c. or 5 c.c. acid 
would result in less retardation or in more iron in the overflow. 


20 LOW-GRADE AND COMPLEX ORES IN COLORADO. 


The recovery of the zinc increases rapidly from the strongest 
acid solution to the solution containing 0.5 gram Na,CO, (97 per cent), 
and then decreases slightly. The recovery of zinc in the acid solu- 
tions is low because of the large quantity of chemically combined 
iron. To determine the combined iron, a sample of the product as 
received from the mill was sized between 20-mesh and 30-mesh. 
With the aid of a microscope 1 or 2 grams of sphalerite was sorted 
free from the rest of the material. An analysis showed 7.6 per cent 
Fe in this sphalerite. For an ore free from chemically combined iron, 
the zinc-recovery curve would lie considerably above the one shown 
for this ore. 

In the ores tested the types of sphalerite containing iron were 
more reluctant to float in the acid dichromate solution than those 
practically free from iron. 

From a study of these curves it was decided that for the most 
effective separation, the best solution to use would be one contain- 
ing a slight amount of acid, about 0.10 ¢. c. acid for every gram of 
sodium dichromate. 

Tests of this middling were made to determine the probable grades 
and recoveries of the lead and zinc products. 

The material was screened on 120-mesh and both products were 
panned for lead; panning in a gold-washing pan was used in place of 
tabling for small charges of ore. Then it was found best to grind 
the charge with the oil, which caused the zinc to float more freely. 
After grinding, the charge was floated in a solution of 0.05 per cent 
dichromate made up as stated above. No cleaning was practiced. 
However, a fair grade of zinc concentrate resulted, as evidenced by 
the assay of 5.4 per cent Pb, 41.6 per cent Zn, 12.4 per cent Fe, with a 
recovery of 90.5 per cent of the zinc. As about 7.6 per cent Fe was 
combined with the zinc, it is easily seen that the elimination of pyrite 
from the zine was quite thorough. ‘The lead concentrate assayed 56 
per cent Pb, 2.3 per cent Zn, 13.5 per cent Fe, with a recovery of 66 
per cent of the lead. The iron product contained 17.3 per cent of the 
lead, part of which might have been recovered; 81 per cent of the iron 
was thrown into the iron underflow. A test using a stronger dichro- 
mate solution (0.10 per cent) resulted in the zinc being “graded up”’ 
to 46.8 per cent. In a thorough treatment of this middling, the last 
part of the overflow would be diverted from going as a finished zinc 
concentrate and would be regarded as a middling to be reground and 
returned to the circuit for further treatment. Thus the grade of the 
concentrate would be improved. 

In these tests, no attention was given to the recovery of the chal- 
copyrite and the precious metals, and, as a result, only a relatively 
small proportion of them was obtained with the lead. The copper, 
especially, and about 40 per cent of the silver segregated with the zinc 
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product. Later in the work considerable attention was given to these 
metals in other ores, and fairly good recoveries resulted. 

In this middling from the Iron City mill the pyrite carries practi- 
cally no precious metals. The gold and silver are mainly in the galena 
and less in the chalcopyrite. 


MENDOTA, AT SILVER PLUME. 


Several samples from the Mendota mine at Silver Plume, operated 
by the Wasatch Colorado Mining Co., were brought to the laboratory. 

This ore was the first studied in some detail and for which a fairly 
definite treatment of the lead, zinc, and iron sulphides was deter- 
mined. Approximate figures on grades of products and recoveries 
were obtained by locked tests. 

The first tests made were in continuation of the study of the action 
of the dichromate solution on these three sulphides. The general pro- 
cedure was to practice bulk flotation on 500-gram charges of the ore 
ground through 80-mesh, discard the tailing, and then subject the 
rougher overflow to the action of the dichromate solution. No. 350 
Pensacola Tar & Turpentine Co. oil was used. 

When a rougher overflow was cleaned in ammoniacal dichromate 
solution (0.10 per cent)—it is, of course, understood that a base added 
to a solution of dichromate converts it into the normal chromate— 
there was seemingly no separation of lead and zine. A voluminous 
froth appeared in this cleaning. 

No separation of lead and zinc was observed in caustic soda dichro- 
mate solution; practically the entire rougher overflow floated. Again 
the conclusion was reached that the dichromate, to be effective in 
separating lead and zinc, must be either neutral or slightly acid— 
preferably acid. Excess acid must be avoided for reasons already 
mentioned, and for the reason that the dichromate is then very rap- 
idly consumed and can not be used again. 

The five tests following were made to obtain information as to the 
quantity of dichromate required and to compare presence and absence 
of acid. Table 4 indicates the results obtained with respect to the 
flotability of the three sulphides. In these tests the rougher overflow 
of the feed was separated by flotation in dichromate into only two 
products, namely, the zinc overflow and the lead-iron underflow. 


TaBLeE 4.—Relative floatability of galena, sphalerite and pyrite in specified amounts of 
dichromate and sulphuric acid (4-liter machine). 


Zine overflow, per cent of | Lead-iron underflow, per cent 
total of each metal in prod- of total of each metal in 
uct. product. 


Amount of reagent. 


K,Cr20,. Lead. | zine. | Iron, | Lead. | Zine, | iron. 
4 39.3 81.3 30.5 49.0 12.5 56.4 
4 6.1 78.2 ‘15,6 92.0 22.6 69.0 
3 70.9 90.1 34.3 27.5 3.6 51.0 
2 87.8 92.8 67.5 12.9 2.3 18.5 
1 90.7| 940] 59.6 7.9 16 31.9 
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The feed assayed 11.5 per cent Pb, 11.3 per cent Zn, and 8.3 
percent Fe. The acid in the last run was cut down to 0.5 c.c., as 1 ¢.c. 
per 1 gram dichromate is an excess (0.73 c.c. acid is enough to release 
all the oxygen in 1 gram dichromate). 

A comparison of the first two tests shows that neutral dichromate 
is effective in retarding the flotation of the lead and iron, but the 
effect is greater when some acid is added. Furthermore, a study 
of the last four tests shows that the lead and iron are kept in the 
underflow less effectively as the amount of dichromate is decreased. 
With a better understanding of this method a great economy of 
dichromate was obtained. 

Neutral dichromate, as indicated by titration, was practically 
unconsumed, slightly acid dichromate was but slightly consumed, 
whereas strongly acid dichromate was almost instantancously 
consumed. These tests, with other preliminary tests, were the 
basis for deciding to use slightly acid dichromate for the elimination 
of the iron and some of the lead from the zinc; the exact amount 
of dichromate used being dependent on the particular test. The 
ratio of acid to dichromate adopted was 0.10 c.c. to 0.15 ¢.c. acid 
per gram of dichromate. 

These differences in the consumption of dichromate were further 
verified by tests with galena in neutral and acid solutions. The fol- 
lowing is an illustration: 

Pure galena (25 grams) ground through 60-mesh was shaken with 
2 grams K,Cr,O, in 300 c.c. water. The mixture was filtered and 
titrated with thiosulphate. The test was repeated, using 0.05 c.c. 
sulphuric acid added to water, and again with 0.25 c.c. acid added 
to the water. Table 5 records the relative consumption of the 
dichromate. 


TABLE 5.—Relative consumption by galena of 2 grams dichromate in 300 c.c. water 
with stated amounts of sulphuric acid. 


| 
; Dichro- | Dichro- 
Neutral Inate mate 
Duration of shaking. dichro- plus lus 
mate. | 0.05¢.c, | 0.2\c¢.¢. 
F804 acid. 
- _ — = - | 
OF MANUS. exe 6s ceweccey Kacemedezessinsesason deleasndsionensned ting secnie'al 0.00 0.00 0.00 
PS ININUOS. che cissie’s wah sa ca ctétama its ob5cee neem ase dal eos we eae beesaing-aah dee 07 -09 a!) 
6 minutes, : 0S +09 Pu] 
AD PINUS. song cceasys casa weve senadgeceatsgatanensieccas ae cewe sen acace’h’ «08 .09 >] 
QS TUNULES. 50 ie io cg edwrass cs sadn katong aeeesesessdadonceievecgectvagessscaas «10 -ll 89 


The dichromate is but slightly consumed in neutral or barely 
acid solution, but is partly consumed in a solution containing a 
small amount of acid. 

Three flotation runs were made in the 9-liter machine with 2,000- 
gram charges to determine the grade and the recovery of products 
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possible when the amount of dichromate was 4, 3, and 2 grams, 
respectively (14 c.c. acid per gram of dichromate). 

The procedure was to dry grind the ore through 60-mesh and 
then wet grind with No. 2 Barrett oil (coal-tar cresote). When the 
charge was floated, the first part of the overflow was a lead product 
(the Barrett oil had been found to make a partial separation between 
lead and zinc). The second part obtained by the use of No. 350 
Pensacola Tar & Turpentine Co. oil contained the remainder of the 
sulphides, leaving a clean tailing. The lead product being floated 
with the Barrett oil was panned for a finished lead concentrate; 
the overflow from the panning was combined with the remainder of 
the rougher overflow. This was given a roughing flotation in the 
dichromate solution, making a zinc concentrate overflow and a 
lead-iron underflow. The lead concentrates from panning averaged 
77.0 per cent Pb, 4.2 per cent Zn, and 3.9 per cent Fe; the recovery 
was 73.84 per cent. The reason for the high recovery of lead, 
considering the crudeness of the method employed, was that the 
Barrett oil floated nearly all of the lead in advance of the zinc. 

The grades of the “lead-iron underflow” and the ‘‘zine concentrate” 
varied in the three roughing treatments in the dichromate solutions. 

The recoveries of the various sulphides in the different products 
in the tests are indicated in Table 6. ° 


TABLE 6.—Percentage of the lead, zinc, and iron contained in the Mendota zine concen- 
trates and the lead-iron underflows for stated strength of acid dichromate. 


Percentage of feed content. 


4 grams K2Cr07+0.5__ c.¢. acid 
3 grams K2Cr207+0.375 ¢.c. acid... . 
2 vrams K3Cr207+0.25 ¢.¢. acid. 
4 grams K7Crm07+0.5 e.c. acid. 
3 grams K Cr207+ 0.375 ¢. c, acid. 
2 grams K,Cr20;+0.25 e.c, acid 


83.41 22. 72) 5. 
5 Zine 
pee ie Lead-iron 
2 


29. 34 underflow. 


The zinc recoveries increase slightly with decreasing amounts of 
dichromate, but the iron in the zinc increases rapidly with decreasing 
amounts. The test with 4 grams of dichromate (0.10 per cent solu- 
tion) indicates the best results, especially if the grade of the zinc 
concentrate be considered—6.0 per cent Pb, 48.2 per cent Zn, and 
8.5 per cent Fe; the zinc assay is several per cent higher than in the 
other two tests. é 

Screen analysis of the zine product in the first run was made, to 
locate the loss in lead and to determine if fine lead predominated in 
the overflow from the dichromate treatment. The product was about 
50 per cent plus 300-mesh (Multi-Metal sieve). The assay per cent 
of the coarse was 1.2 per cent Pb and of the fines was 9.6 per cent, 
showing a great proportion of fine lead with the fine zinc; 82 per cent 
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of the lead in the zinc concentrate was minus 300-mesh. This indi- 
cates how serious a factor the fine lead is in grading up the zinc. 
The iron did not segregate. 

Screen analysis was made of the lead-iron underflow to locate the 
zinc losses and to determine if coarse zinc predominated in this 
product. The sample was sized into four parts: Plus 100-mesh, mi- 
nus 100 plus 150, minus 150 plus 200, and minus 200; 50 per cent 
was minus 200-mesh. From the chemical analyses it was easy to see 
that the zinc lost in the lead-iron underflow was coarse; 92 per cent 
of the zinc in this product was plus 150-mesh. The assay of the 
plus 100-mesh portion was 30.8 per cent Zn, of the minus 100 plus 
150-mesh 6.8 per cent Zn, and of the minus 200-mesh material only 
0.6 per cent Zn. These figures indicate the great segregation of the 
zinc in the coarser meshes. Of the lead in this product (the lead- 
iron underflow) about 50 per cent was coarser than 200-mesh. Again 
it was noted that the iron did not segregate appreciably on the various 
meshes. 

These results present the problem of the separation of these three 
sulphides in a striking manner. The fine lead is the raaterial con- 
taminating the zinc concentrate. Slimed lead consequently must 
not be produced any more than is necessary in grinding, and as much 
as possible it should be removed before the dichromate treatment. 
On the other hand, the grinding must be fine enough to avoid con- 
siderable losses of zinc in the lead-iron product. The attempt has 
been made to remove as much lead as possible in the early stages of 
the treatment and then grind the zinc-iron product remaining through 
at least 100-mesh before floating in the acid dichromate solution. 

The advantageous feature indicated by the analyses given above 
is that the iron does not segregate and may be removed from the 
zine about equally well, whether it is coarse or fine; this accounts for 
the emphasis laid on the fact that the chief function of the dichro- 
mate is to eliminate the iron from the zinc. In most, if not all, of the 
Colorado ores examined the pyrite has been harder to crush than the 
other sulphides and almost as hard as the gangue material. 

A screen analysis, Table 7, of a zinc concentrate and of the two 
zinc middlings made in another test, indicates the fineness of the 
product floating and the increasing coarseness of the middlings. 


TABLE 7.—Comparison of screen analyses of zinc concentrate and zinc middlings. 

Zinc concentrate: is Son : 

A Q00smGEN ss cacinsss ssthioweacds$ Nesacad hoe sonncpiccemecewaies 8 

= DOMES. 5 cis0 saccictiescches pessasesetecssct onstgece seats 92 
Second zinc middling: 

= 200-mesh <2 Janiiscis ve nsec desovadage disetecsepeadcavcass 28 

O00 Gshis 's 25755542 amiss cinadeesednesesinadse see ssageiesseae 72 
First zinc middling: 

PDO Medias a s5.363 scans sndes cease deeedasdse cosas sesscaeees 44 

= 200 MAE, 5 ss cesccetseeacddcsdavenesdewdagwinesesenesas’ 56 
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To determine an approximate flow sheet several runs were made, 
different steps of the procedure being varied. 

With the information gained from these tests a locked test of 
12,000 grams of ore was made. The galena and sphalerite were . 
readily floated, the extraction of each being 93 per cent. Advan- 
tage was taken of the rate of floatability of the lead with respect to 
the zinc by using No. 2 Barrett oil. The lead product was panned 
for a high-grade lead concentrate, and the tailing from the panning 
joined the zinc-iron froth which was made with No. 350 Pensacola 
Tar & Turpentine Co. oil. The rougher flotation tailings from the 
crude ore retained about one-half of the iron, but the dichromate 
solution was required to remove the iron remaining in the zinc-iron ° 
overflow. The recoveries of lead and zinc were each-80 per cent. 
The lead concentrate assayed 65 per cent Pb, 7 per cent Zn, and 7 per 
cent Fe. The zinc concentrate assayed 3 per cent Pb, 54 per cent 
Zn, and 6 per cent Fe. 

The feed sample assays 7.80 ounces Ag, and the assays of several 
products show that the silver is carried by the lead. Further detail 
of the locked testing is omitted because the scheme was not satis- 
factorily developed at the. time the work was done. The reagents 
used per ton of feed were 0.6 pound No. 2 Barrett oil, 1.2 pounds 
No. 350 Pensacola Tar & Turpentine Co. oil, 4.9 pounds dichromate, 
and 0.7 pound sulphuric acid. 


GILPIN-EUREKA, AT CENTRAL CITY. 


This table product came from the Gilpin-Eureka mill, at Central 
City, owned by the Gilpin-Eureka Mines Co. 

A sample of a lead-zinc-iron middling not amenable to further 
concentration in the current practice of the mill was briefly examined 
to determine its physical condition and its behavior under laboratory 
methods of concentration. The sample assayed 8.8 per cent Pb, 
8 per cent Zn, 19.3 per cent Fe, 0.86 per cent Cu, 0.66 ounce Au, and 
4.26 ounces Ag. 

In the part coarser than 120-mesh the galena content was low, but the 
part finer than 120-mesh contained enough galena to justify gravity 
concentration. With a gold-washing pan 52 per cent of the lead 
in the original sample was recovered. This lead concentrate assayed 
52.6 per cent Pb, 3.6 per cent Zn, 16.4 per cent Fe, 1.62 ounces Au, 
and 10.70 ounces Ag. The percentage recovered and the grade of 
product are good evidence that an adquate mill would reduce waste 
of lead, gold, and silver in treating this type of ore. 

The coarse material was given a brief grinding in a porcelain 
jar, after which the fine material and oil (No. 350 Pensacola Tar & 
Turpentine Co.) were added to it for further grinding. 
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In the roughing flotation treatment of the feed sample, which 
obviously might have been avoided, about 95 per cent of the charge 
floated. The overflow was then given a roughing treatment in a 
0.05 per cent dichromate solution (the ratio of dichromate to acid 
was 1 gram dichromate to 0.10 c.c. concentrated sulphuric acid), 
used at the rate of 4 pounds per ton of feed sample. In this step 71.4 
per cent of the iron was eliminated in the underflow with an accom- 
panying loss of only 5.69 per cent of all the zinc—a marked separation 
of minerals that formerly had floated together. The overflow was 
given a double cleaning in the used dichromate solution. Though 
about one-third of the zinc was withheld in the middling, 55 per 
cent of it entered a concentrate assaying 9 per cent Pb, 43.9 per 
cent Zn, 7.4-per cent Fe, and 4.80 per cent Cu. In another test a 
zinc concentrate assaying 47.8 per cent Zn was made. No effort 
was made to control the copper, gold, and silver, and they were 
badly segregated in the zine concentrates. It is likely that by 
methods later developed a good percentage of these metals could 
be recovered with the lead. Elimination from the zinc of 93 per cent 


- of the iron might be expected. 


WILFLEY, AT KOKOMO. 


The Wilfley mine, at Kokomo, is operated by the Elk Mountain 
Mining & Milling Co. 

A sample of the zinc ore from this mine assayed 0.4 per cent Pb, 
11.7 per cent Zn, 23.1 per cent Fe, and 0.88 ounce Ag. Its treatment 
involves the separation of the pyrite from the sphalerite in order 
to make a satisfactory zinc concentrate. 

Stage grinding reduced the ore to 120-mesh, and flotation of the 
crude ore with No. 350 Pensacola Tar & Turpentine Co. oil eliminated 
60 per cent of the feed content (70 per cent of the iron content). 
The zine extraction was 95 per cent. The large percentage of 
pyrite discarded in the tailing is favorable. Possibly a satisfactory 
grade of zinc concentrate can be made by thorough cleaning in 
neutral water, but this was not tried. A single charge was cleaned 
in acid dichromate solution and the grade of zine concentrate was 
0.6 percent Pb, 46.1 per cent Zn, and 13.2 percent Fe. The recovery 
of 67 percent of the zinc was too large—that is, for thorough cleaning 
more of the zinc should have been diverted to the middling circuit 
and a richer zinc concentrate left. A concentrate containing 50 
per cent might be expected in a more complete test. 


WHITECAP, AT LEADVILLE. 


The Whitecap mine, at Leadville, is one of the Yak group and is 
operated by the American Smelting & Refining Co. Ore from this 
mine has a high pyritic content—50 to 60 per cent pyrite. The 
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sample which was tested and given only a preliminary investi- 
gation assayed 3 per cent Pb, 11.6 per cent Zn, 25 per cent Fe, 
and 0.79 ounce Ag. No determined effort was made to recover the 
lead, though in one test gravity concentration recovered about one- 
third of it in a product very low in zine. 

Grinding to pass 120-mesh seems to be required. In a test where 
the grinding was somewhat coarser 41 per cent of the feed was 
discarded as a tailing that carried 52 per cent of the iron. The 
reluctance of the pyrite to float is advantageous. The lead and zinc 
extractions were 93 and 96 per cent, respectively. 

Contrary to previous practice in former tests, No. 2 Barrett oil and 
No. 8 Cleveland Cliffs oil along with 2 pounds of sodium carbonate 
per ton of ore were used in the roughing treatment. The reason for 
grinding to 120-mesh is that the sphalerite coarser than this does not 
float well in the dichromate solution. A zinc concentrate assaying 
4.5 per cent Pb, 50.4 per cent Zn, and 9.2 per cent Fe was made. 
It is likely that a concentrate closely approaching this grade could 
be maintained by using 2 pounds of acid sodium dichromate per 
ton of mill feed. The zinc recovery should be 85 per cent. These 
conclusions are based on the results of several separate tests. No 
locked testing was done to clean the middlings. 


JESSIE, AT BRECKENRIDGE. 


The Jessie mine and mill, at Breckenridge, are owned and operated 
by G. F. Roth. The sample from the mill was a zinc-iron middling— 
the table discharge between the lead concentrate and the siliceous 
tailing. Its pyrite content was high—about 60 per cent. This sample 
was of peculiar interest because a part of the zinc was combined 
with the iron in the form of marmatite, a magnetic sphalerite. The 
object of the investigation was to test a process with this type of 
orerather than to test the ore. A résumé of the results of a locked 
test appears in Table 8: 


TaBLe 8.—Résumé of a locked test of middling from the Jessie mine. 


. Lead Zine. Iron 
Weight} Per « 
of prod-| cent 
Product. ucts foftotal| Assay | Per | Assay | Per | Assay | Per 


: Yl Gang 
(grms).| weight.) (per | orreeq | (per of feed (per 

4 a of feed 
cent). leontent., ®°84- content. 


100.00} 17.70] 100.00 | 31.40 | 100.00 
= ‘ = 

69.11] 43.08] 74.52] 15.14 14.70 
2.16 7.60 +77} 37.70 2.16 


1.00 


Zine concentrate 
First middling. ....... 
Second middling 
Third middling. .............2..-0-0 
Fourth middling 
Tron underflow 


14.15] 2.02] 1.39] 42.26] 16 51 
12,08] 7.72] 21.17] 37.90] 58.56 


visties y GOOgle NIVER ITY OF ILLINOIS A 


28 LOW-GRADE AND COMPLEX ORES IN COLORADO. 


The feed sample had to be ground in the presence of the oil to 
insure flotation of the sphalerite, probably because the sample was 
shipped in the form of wet pulp. The mesh was minus 120. The 
roughing flotation of the feed was in five 2,000-gram runs in the 
9-liter hollow-shaft machine. ._ The five mixed-sulphide overflows, 
each of which weighed about 1,000 grams (dry weight), were treated 
successively in locked-testing fashion in the 4-liter hollow-shaft 
machine. The reagents required per ton of feed were 1.5 pounds 
No. 350 Pensacola Tar & Turpentine Co. oil, 4 pounds sodium bicar- 
bonate (in the roughing flotation of the feed), and 2 pounds acid 
sodium dichromate. In the roughing treatment of the mixed-sul- 
phide overflows 1 gram of the dichromate was used, and in the four 
subsequent cleanings 0.5 gram was added to the first two. 

Four cleanings after the roughing flotation in dichromate were 
regarded as necessary to make the results comparable with the work 
of a six-cell commercial machine. The first and second middlings 
were reground and with the third and fourth middlings joined the 
charge for the subsequent run. Of course, the charge had to be 
withdrawn to remove each middling, and the solution was decanted 
to enter the machine for a further cleaning of the corresponding over- 
flow. At the end of each of the five runs the solution was thrown 
away. 

The tailing (see Table 8) contained too much zinc (21.17 per cent 
of the zinc in the feed) to be satisfactory. Another test showed that a 
tailing of low zinc content could be made but a high loss appeared 
in the iron underflow. The probable remedy is obvious—the iron 
underflow could be reground and floated again for a further recovery 
of zinc. 

As the table shows, 74.52 per cent of the zinc was recovered and 
1.39 per cent was lost in the iron underflow; that is, 97 per cent of 
the zinc entering the dichromate treatment would be recovered in 
continuous operation. 

The four middlings, remaining at the end of the test, contained 
4.94 per cent of the zinc. Continuous running would recover 97 
per cent of this, or (4% 4.95=4.7) 4.7 per cent additional zinc, 
increasing the total recovery to about 79 per cent of the zinc. 

In another test with a 1,000-gram charge, a zinc concentrate made 
from one roughing and one cleaning in dichromate assayed 47.8 per 
cent Zn and 12.5 per cent iron. In another similar test the zinc 
concentrate assayed 48.8 per cent Zn and 12 per cent iron. It is 
likely that the density of the pulp in the locked test was too great; 
including middlings, the dry weight of the charge was about 1,500 
grams—entirely too much for cleaning in a 4-liter machine. 
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The copper, though in very small amount, was segregated in the 
zine concentrate, and the ratio of lead to silver in the several prod- 
ucts indicates that the silver was carried by the lead. 


WELLINGTON, AT BRECKENRIDGE. 


Through the courtesy of the Wellington Mines Co., of Brecken- 
ridge, a sample of the jig and table tailings from the mill was ob- 
tained for examination. Flotation samples were prepared by screen- 
ing the mixture on 120-mesh and rejecting the coarse, the idea being 
that the original mixture, after grinding, could be concentrated if the 
fines containing the segregated clay proved to be amenable. 

The sample of the natural minus 120-mesh material assayed 9.3 
per cent zinc. The lead content was so low that it was not taken into 
account. The extraction obtained was 92.2 per cent of the zinc, the 
procedure being ordinary roughing and cleaning flotation in a locked 
test so that the underflow from the cleaner could be sent back to the 
rougher. Sodium bicarbonate (8 pounds per ton) was required with 
No. 350 Pensacola Tar & Turpentine Co. oil. Without the bicar- 
bonate the flotation was not good. 

Only 40 per cent of the iron was extracted with 92.2 per cent of 
the zinc. By treatment in acid dichromate a zinc concentrate assay- 
ing 42.2 per cent zinc and 7 per cent iron was made. The cleaning 
of the feed sample was not thorough enough for satisfactory removal 
of the clay-like gangue, which accounts for the low grade of the 
concentrate. 

The chief object of the work was to show that the combination of 
sodium bicarbonate and oil, used so successfully in the roughing treat- 
ment of other ores, would apply to this material. 


AKRON, AT WHITEPINE. 


The Akron mines, at Whitepine, are operated by the Dorr Co. 
Several samples of the ore brought to the laboratory assayed about 
15 per cent Pb, 16 per cent Zn, 11 per cent Fe, and 6 ounces Ag. As 
the Akron mines supplied a metallurgist, Mr. A. E. Sargent, to coop- 
erate in the work, more attention than otherwise would have been 
possible was given to the Akron ore. 

The company has a small mill which is equipped for table con- 
centration, flotation, and magnetic separation, but at the time this 
work was undertaken the mill practice was not wholly satisfactory. 
Figure 4 is a flow sheet of the mill. The ore has a high content of 
argentiferous galena, sphalerite, and pyrite; some of its characteristics 
are as follows: (1) The ore is high-grade; (2) all the silver is com-. 
bined with the galena; (3) crushing to 120-mesh is required to entirely 
unlock the economic minerals; (4) the gangue is decomposed, giving 
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rise to much clay or what is commonly termed colloidal material; 
(5) soluble salts, some of them bicarbonates, are present which have 
a marked coagulating effect; (6) some of the lead is oxidized; and (7) 
limestone is abundant and is likely to contaminate the zine con- 
centrate. 

The first flotation tests were surprising, as the extraction was only 
73 per cent of the lead and 47 per cent of the zinc. Use of sodium 
bicarbonate to nullify the coagulating effect of the natural salts 
increased the extraction to more than 90 per cent. 

In the first extraction tests the possibility of colloidal matter making 
trouble prompted a separate treatment of sand and slime, but this 
procedure was too complicated and later was rejected. The system 
finally adopted was to stage grind in jaw crusher and rolls through 40- 
mesh, and table for a coarse lead concentrate that part remaining on 
120-mesh. 

TaBLE 9.—Details of locked test of Akron ore. 


| Lead. =| Zine. | Iron. 
Weight | Per — 


of pro-| cent | | >, >, 
Product. ducts | oftotal| Assay ae Assay ph Assay oe 
(gms.). |Weight.| (per of feed (per offeed | (P™ | of feed 
cent). lontent,| C24 ‘content. C29: content 
BQ6G), f.7eJadsapesgestosleuzassenes ea 10, 000 | 100.00 15.5 | 100.00 16.3 | 100.00 10.8 | 100.00 
= =! ——- Iz 

Coarse lead concentrate 544 3.44 | 586 | 20.44 3.0 1.00 12.3 | 6.19 
Flotation lead concentrate 557 5. 57 43.6 | 15, 57 24.3 831 3.8 1,95 
Middling lead concentrate. 26 +26 49.0 82 1.3 - 02 17.1 242 
Slime tailing. ............. --| 1,590 | 15.90 5.6 5. 74 5.6 5. 44 6.6 10.09 
Wanditallifig..- ssc. 22 sasece, --| 3,020 | 30.20 1.6 3.00 2.0 3.71 15.7 43. 90 
Second coarse lead concentrate. ...... 110 1.10 28.1 1. 98 8 +05 29.0 2.95 
Bulk-flotation lead concentrate....... 710 7.10 68.0 | 30.95 3.0 1.31 6.8 4.47 

Tead concentrate from zine concen- | 
CPBLG Sob deca act teats actu taeaonle 30 60.0 1,16 4.2 - 08 10,2 29 
Zine concentrate. 26. 37 7.3] 12.34 47.8] 77.65 5.8 14.16 
First middling. .. 1.12 14.0} 1.00 8&2 57 23.5 2.44 
Second middling. 1.07 13. 8 95 11.8 78 23.2 2.30 
Third middling. . -72| 15.8 rh 16.3 -72 10.5 -70 
Iron underflow 3.49, 11.3 2.52 6.3 1.36 30.0 9.71 
Footing :gasssszeterasazess3ee 03 9,864) 9864/22... 97.29 |........ 101.00 |........ 99. 58 

\ ( U 


A high-grade lead concentrate containing 20.44 per cent of the 
lead was obtained (see Table 9). The table tailing was ground wet 
in the jar to pass 120-mesh and combined with the other fines for 
bulk flotation. It was decided to recover the finest lead by flotation 
before bulk-floating, because this lead was the most difficult to 
recover on the table, and a 3:1 mixture of coal tar and cresylic acid 
was used. The resulting product, flotation lead concentrate, was too 
high (24.3 per cent) in zinc and exposed the weakest step in the 
treatment. In bulk flotation No. 350 Pensacola Tar & Turpentine 
Co. oil and sodium bicarbonate were used. The bulk overflow was 
returned for cleaning, chiefly in order to eliminate the muddy water. 
The granular middling resulting from the cleaning was tabled to 
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recover a middling lead concentrate, and the table tailing was 
reground and refloated, the tailing from this reflotation being added 
to the other tailings. In mill practice the middling would have 
been tabled (if feasible), reground, and returned to the rougher, but 
this procedure was not easy in the laboratory. 

The flotation tailing was separated into slime tailing and sand 
tailing by rough decantation. The sand tailing was tabled for 
second coarse lead concentrate, which added 1.98 per cent to the 
lead recovery. 

Lead to the amount of 5.6 per cent in the slime tailing seems high, 
but the fact that this tailing assays 2.3 per cent in oxidized lead, makes 
it appear in a more favorable light: a good slime table could have 
removed some of this lead, but its trial in the laboratery was not 
feasible. i. 

The mixed sulphide from bulk fouwtibe was tabled for bulk- 
flotation lead concentrate and thus 30.95 per cent of the lead, in 
a rich product, was added to the lead concentrate. At this point 
69.76 per cent of the lead had been recovered, and the eran pee con- 
centrate left for cleaning had a calculated assay value of 8.8 per 
cent Pb, 40 per cent Zn, and 9.7 per cent Fe, representing 81. 16 per 
cent of the zine. 

This zinc-iron product was treated by flotation in an acid dichro- 
mate solution, where it received one roughing and three cleanings. 
The zinc overflow obtained was passed over the table, not because 
‘ such procedure seemed feasible in practice but to determine the 
behavior of the lead it contained. A small amount of a 60 per cent 
lead concentrate was made as is shown by lead concentrate from 
zinc concentrate, Table 9. The grade of the zine concentrate, 
shown in Table 10, did not come up to expectations. In a former 
locked test of six runs, the assays of the zinc concentrates were 51.8, 
53.5,63.8, 50.0, 53.5, and 54.7 per cent zinc. ‘This will be referred to 
again. 

The grades of the first, second, and third middlings show the 
retardation of the lead and iron in flotation. 

The iron underflow, with its 11.3 units of lead, low zine content; 
about 60 per cent pyrite, and 4.27 ounces silver, was regarded as of 
marketable value and was added to the lead concentrate. Obvi- 
ously the lead and silver in this product would have gone into the 
zinc concentrate if roasting and magnetic separation had been 
practiced without subsequent tabling. 

A résumé of the results is given in Table 10. The absolute recov- 
ery of the lead was 73.42 per cent. Subsequent treatment in a fresh 
solution would have made nonfloatable nearly all of the lead in the 
zine middling, which would have been recovered in the iron under- 
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flow. Correction of the error in “footing’’ also would add to the lead 
recovery, so that. with these two corrections a recovery of 78 per 
cent of the lead is indicated. The oxidized lead in the feed sample 
amounts to 1.2 per cent—that is, 7.7 per cent of the lead in the feed 
is oxidized. 

In a comparison of the dichromate treatment with a possible 
magnetic separation for grading up the zinc, it is important to note 
that only 1.36 per cent of the zinc in the feed was lost in the iron 
underflow. 

TABLE 10.—Résumé of locked test of Akron ore. 


Lead. Zinc. . Irof. 
bi Percent. | o> 
0 
Product. products brs Assay | Percent | Assay | Percent| Assay | Percent 
= | (grams). 1B (per of feed (per of feed (per of feed 
} cent). | content.| cent). | content.| cent). | content. 
Reed: cceecccsdesaas 10,000 100.00 15.6 100.00 16.3 100.00 10.8 | 100.00 
Lead concentrate..... 2; 326 23.26 49.3 73.42 8.5 12.12 12.1 | 25.98 
Zine concentrate..... 2,637 26.37 7.3 12.34 47.8 77.65 5.8 14.16 
Zinc middling........ 291 2.91 14.3 2.68 11.6 2.07 20.2 5. 
POF. s sekcasee eres 4,610 46.10 3.0 8.87 3.2 9.17 12.6 | 53.62 


A return may now be made to a consideration of the zinc con- 
centrates referred to above. In the former locked test (the one 
that gave the higher grade of zinc concentrate) only a part of the 
zinc received the treatment in dichromate; the first part of the 
rougher zinc froth already low in iron was given a cleaning in a . 
neutral water circuit. The froth from this cleaning gave a final 
zinc concentrate and the underflow joined the last part of the 
rougher zinc froth to be given a cleaning in the dichromate circuit. 
This procedure reduced the bulk of material to be treated in the 
dichromate circuit and thus made possible a more dilute pulp. The 
most desirable pulp density has not been accurately determjned, 
but it seems that it should not exceed 6 to 1. In the former 
test where the high-grade zinc was made, the percentage of zinc 
recovered was not quite so high as in the test being described, but 
the fault was in the method of recovery of the lead, that is, the 
zinc content of the lead was too high. In grading.up zine concen- 
trates the above deportment should constantly be kept in mind, 
that is, the first part of the zinc froth is relatively of low iron con- 
tent (when no chemicals are used), whereas near the end of the 
run when an effort is being made to obtain tailings of low zinc con- 
tent, much iron is likely to float and join the zinc in the froth. 
Such a segregation, so simply obtained, should at all times be used 
to advantage. 
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The dichromate consumption was 2 pounds per ton of feed, oil 
1 pound, and sodium bicarbonate, in the roughing of the feed, 6 
pounds. 
The lime content of the zinc concentrate was kept below 0.3 
per cent. 
RICO-ARGENTINE, AT RICO. 


The Rico-Argentine mine, at Rico, is owned and operated by the 
Rico-Argentine Mining Co. The sample brought to the laboratory 
was taken from the dump of the Argentine tunnel. This samp!4, 
though high grade as a milling ore, was waste rock in the operations 
at Rico, being too-low grade for shipment to the oxide plant. Its 
analysis appears in Table 11. . 

The absence of milling at Rico aroused suspicion as to the amen- 
ability of the ore. A microscopic examination showed the degree 
of grinding required to unlock the sulphides was 80-mesh. After a 
preliminary flotation test a locked test was made, the mill feed being 
tabled for a lead concentrate (the recovery was 56.64 per cent of the 
lead); the table tailing being subjected to bulk flotation, which 
gave a high extraction but left only 18.17 per cent of the feed in the 
tailing. 

TaBLE 11.—Résumé of locked test of Rico- Argentine ore. 


Lead. Zine. Iron, Copper. 
Weight Per 
0 cent 
Per Per 
Product. sag Pa ssay Assay ein Assay yah Assay | cent 
4 (per (per | of fe (per | of fe (per | of feed 
(grms.).|weight.| cent), cent). | con- | cent). | con- | cent). | con 
tent tent. tent, 
Feed. 25. 2s da s9s~<s, 3,000 | 100.00 14.8 22.0) 100.00 10.7 | 100.00 1.00} 100.00 
| == 
Lead concentrate... . 462 | 15.40 63. 1 3.9 2.77 9.3] 13.30 .09 1.34 
Zinc concentrate....| 1,012} 33.73 9.3 49.5 | 75.86 3.7] 11.82 2.40 81.06 
Middling............ 305 | 10,17 7.8 19.6 9. 04 10.6 | 10.12 ane 7.86 
Iron underflow...... 625 | 20.83 3.2 7.8 7.39 21.2] 41.28 «32 6. 67 
Talling... .<c2ce.-5<, 545 | 18.17 1.7 2.6 | 2.17 10.8] 18.40 09 1.78 
Footing....... 2,949 | 98.30 |........] 98.83 |........ QU 28 ile cedeats 94.92 |........ 98.71 


The mixed sulphide from flotation was again tabled and 9 per 
cent was added to the lead recovery, making a total of 65.64 per 
cent. The zinc-iron tailing made on the table had the following 
calculated assay: 7.1 per cent Pb, 31.3 per cent Zn, 10.5 per cent Fe, 
and 1.5 per cent Cu. This was divided, without drying, into four 
charges of approximately 500 grams each. These charges consti- 
tuted the material for four runs in a locked test of one roughing and 
three cleanings of each charge in acid dichromate. The middlings 
probably brought the successive roughing charges up to 800 grams, 
which was very heavy for the 4-liter machine. 
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Because of the possibility that some of the coarse sphalerite might 
not be floatable in the acid dichromate solution, it was deemed best 
to grind the coarse material before beginning the flotation treatment. 
The zine concentrate, as shown by Table 11, assays 49.5 per cent 
zinc. ‘The iron underflow (Table 11) contains 41.28 per cent of the 
iron of the mill feed, showing that the dichromate was effective in 
removing iron from the zinc; the zine concentrates assayed only 3.7 
per cent Fe. The iron content of the zine concentrate is very low 
for an ore containing so much of the sphalerite in the form of ‘black 
Jack.” 

Bicarbonate, 8 pounds per ton, was required for roughing the 
mill feed with No. 350 Pensacola Tar & Turpentine Co. oil. The 
dichromate used amounted to 8 pounds per ton of mill feed. The 
large amount of dichromate employed requires explanation. It is 
partly justified by the high sphalerite content, nearly one-third of 
the millfeed. Moreover, thé following modification of the treat- 
ment would allow great economy of the reagent without lowering 
the grade of concentrate. The first part of the zine froth has a low 
iron content and can be diverted for a cleaning without chemicals. 
The tailing from this cleaning can be added to the rest of the zinc 
froth to enter the treatment in dichromate. Thus the tonnage of 
sulphides to be treated with chemicals is reduced. Further, this 
part should be given a brief grinding to make the sphalerite more 
floatable; the iron underflow contains 7.39 per cent of the zinc in 
the mill feed, this being higher than is generally expected. 

The zine concentrate (Table 11) assays 9.3 per cent Pb., and con- 
tains 21.13 per cent of the lead in the mill feed. This proportion is 
too high but indicates as good a separation as can be expected from 
a laboratory table. This loss is, of course, in excessively fine lead, 
enough of which should be recovered by a good slime table to bring 
the recovery up to 75 per cent. 

The middling contains enough zine to bring the expected zine 
recovery up to 80 per cent. 

The lead concentrate assays 0.30 ounces Au. The feed sample 
assays 4.36 ounces Ag. The lead concentrate contains 52 per cent 
of the silver with 65.64 per cent of the lead. The distribution of the 
silver throughout the several products, some of which are not shown 
in the table, indicates that more than three-fourths of it is combined 
with the lead. 

The treatment was intentionally elaborate because at the begin- 
ning the ore was thought to berefractory. It proved a very simple 
ore to treat. 
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HIDDEN TREASURE, AT SNEFFLES (OURAY). 


The Hidden Treasure mine (at Sneffles, near Ouray) is owned by 
the Thomas F. Walsh estate. The ore was the first tested that con- 
tained an appreciable proportion of copper (chalcopyrite). The 
sample assayed well in lead, zinc, and silver, as shown by the assay of 
“feed,” Table 12. The procedure of the treatment applied, as shown 
in Figure 2, shows the procedure of treatment. 

By tabling that part of the feed coarser than 120-mesh, lead con- 
centrate (1) was obtained, which as Table 12 shows is high grade and 
contains 39 per cent of the lead in the mill feed. The feasibility of 
this tabling could not be questioned, even though flotation were 100 
perfect; the coarseness of this lead as compared with “flotation lead ” 
is in itself sufficient justification for the table work required. 

The reasons for recovering lead concentrates 2 and 5 (Table 12 
and Fig. 3) by flotation were three. First, the copper content 
(chalcopyrite) though small, must be recovered by flotation to keep 
it from contaminating the zinc concentrate; second, the very fine 
lead can best be recovered by flotation; and, third, some of the silver 
is not amenable to gravity concentration and must be recovered by 
flotation. Products 2 and 5 contained 38.91 per cent of all the silver. 

The cleaning of the zine product in the acid dichromate solution 
eliminated 54 per cent of its iron content and lost only 7 per cent of 
the zinc in the mill feed. 

The removal of the iron from the zine concentrates was probably 
not as complete as it would have been if sodium sulphide had not been 
used in the first steps. of the process, because sodium sulphide and 
dichromate have antagonistic effects on pyrite and must be con- 
sidered. 

Pyrite, when in a neutral flotation charge, is generally the least 
floatable of all the mineral sulphides; in the presence of sodium 
sulphide it becomes the most floatable, as is evidenced by the high 
iron content of concentrates 2 and 5—20.8 per cent and 27.7 per cent, 
respectively. Some of the iron is removed that would otherwise 
enter the dichromate solution with the zinc, but, on the other hand, 
the pyrite which does enter this circuit, having been sulphidized, must 
be acted on more vigorously by the acid dichromate to prevent it 
from floating in the zinc froth. As a result, more dichromate than 
otherwise would be required must be used. 

Table 13 gives a résumé of the results of the locked test. The 
consumption of sodium sulphide and dichromate per ton of mill feed 
was 4 pounds and 1.6 pounds, respectively. The amount of sodium 
sulphide was excessive because of the unavoidably dilute pulp used 
in cleaning the second overflow; the machine was too large. 
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TaBLE 12.—Details of locked test of Hidden Treasure ore. 


Product. 
M60. sss cconetessteasethessipaecies . 83 6. : 
1. Lead concentrate..............-.- 59.6 1.5 1.05 12.4 
2: Lead concentrate... ccc eicseweans 20,5 8.4 14.27 20.8 
3. Lead concentrate. .......2.......-- 58.4 6.0 1.26 ll. 
4. Lead concentrate...........2...--- 52. 8 3.2 47 15.4 
5. Lead concentrate.........2.2....-- 12.4 12.4 1.90 27.7 
6. Iron. undeérflows 2. .0.3.2.520) seae8- 2.0 4.0 3.26 6.8 
7. Zine concentrate.........2...eeeees 2.4 49.1 68. 21 7.4 
8. Zinc middling .........2..c.sse0e65 3.2 14.0 6.63 13.8 
OL Paling 25S S300 dit ade ec sta she 2 fs 3 2.96 .4 
Footing: |.ceszscecesak oteies . HS) ara 99.92 |........ 100.01 §.....2.. 
——— 
Copper. Gold Silver. 
Weight] Per ‘ z —_—_—— 
of pro- | cent o! er Per Per 
Product. ducts | total | Assay | cent of (one cent of fa cent of 
(per | feed per f per 
cent). | con- ton) con- ton) con- 
tent. r tent. e tent. 
FOGG. cc -lag tees ceradadkateatsonisss 5 0. 44 | 100.00 0.02 | 100.00} 10.92] 100.00 
_—_—_—SS ob ————SS-|_|—_——S. OSS Eee eee 
1. Lead concentrate.............--.-- 2 34 3.45 -11 | 24.58] 53.81 22.03 
2. Lead concentrate...............--- 3 5 2.22] 54.54 +05 | 28.24] 36.24 35.91 
3. Lead concentrate..............-.-- ‘ 38 1.15 +15 | 10.05 | . 80.63 9.90 
4. Lead concentrate. ...............-. . 22 «47 +23} 10.81] 81.53 7.08 
5. Lead concentrate...............--+ . 2.96] 6.73 -05 | 2.50] 32.87 3.00 
6. Iron underflow .... is +16 1,89 .O1 2.60 4.25 2.02 
7. Zine concentrate. 1.20 | 24.10 -04{ 17.70] 18.68 15.14 
8. Zine middling..... i 34 2. 33 02 3.02} 11.28 3.12 
DW. DANAE ccvecasdsasassavvaavaresses 63.00 | 04! 5.78 ]........|.-----.-| 38 2.2 
FOUN 22200 22escecseczce5ss50) O,864)| BEIGE aces | 100. 39 |......-. a ee ; 100. 40 


Zine. 
Weight} Per Per 
Product. pet ded cane Assay cent of Asay cent of | Assay | cent of 
per per 
(grams).| weight. cent). cent) 
tent. 
Feed: 5.5.0 sacwrsns pasa cteedases snes 6.83 6.37 | 1 
Lead concentrate....... Sate poesia eosin 33.9 6.51 
ZINC CONCODtTALE 2. cows eeccncresoccese 2.4 49.1 
Zinc Mids <5 226.6045 pore woes * 3.2 14.0 
Mailing’ scc2eaevasscescederessene sesed .33 .58 
Copper. Gold Silver 
Per y Per 
Product, — cent (ounces cer Ad | unces Sant OF 
cent). | con- thn) con- | ,PYr | con- 
tent. : t ) t 
RGB eit sacesetc ta tatearasiacscatexs 0.02 | 100.00 | 10.92] 100 90 
Lead concentrate...............00006+ | 77.70 
Zitic concentrate... .......ceceeeeces 15.10 
Zinc middling..............ceceeeeeee 3.12 
Malllligeaiscack tev yg seteaacsacetass t 4.22 
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The following summary from Table 12 and Figure 3 shows the 
effectiveness of the reagents used in the roughing of the mill feed to 
float the lead, copper, gold, and silver in advance of the zinc. Pro- 
ducts 2, 3, and 5 contain 45.78 per cent of the lead, 62.42 per cent of 


Stage crash in jaw 
crusher and rolls 


Flotation by roughing and cleaning in locked test, re- 
turning the reground middling after second overflow is 
drawn. 


(Coal tar, (More coal (Cleveland 
cresylic tar and Cliffs 


id dichromate) _ _ _ 
erflow (6) pal eee 

Three cleanings 

in locked test 


(8) Middii 


(7) Zine conc. 


Fia 3.—Flow sheet of locked test of Hidden Treasure ore. 


the copper, 40.79 per cent of the gold, and 48.81 per cent of the silver, 
with only 17.44 per cent of the zinc, and these recoveries were made 
after more than one-third of the lead and a goodly percentage of the 
copper and precious metals had been recovered in lead concentrate 1. 
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Cleveland Cliffs No. 2 oil was used to finish the flotation, and a very 
low-grade rougher tailing resulted. 

The lead recovery was 92 per cent, and the zine in the zinc mid- 
dling would bring the expected zinc recovery up to 73 per cent. 

The idea of using coal tar and cresylic acid was borrowed from 
the Sunnyside mill practice. The coal tar (Denver Gas & Electric 
Co.) and cresylic acid were mixed in the ratio of 3 to 1. 


IOWA-TIGER, AT SILVERTON. 


The Iowa-Tiger mine, at Silverton, is owned and operated Ly the 
Iowa-Tiger Mining Co. The sample from the Iowa-Tiger mill was a 
tailing from the jigs making lead concentrates and zinc concentrates 
and in consequence contained the most refractory metalliferous 
minerals in the ore. 

The sample was low grade, as shown by “feed,” Table 14. The pro- 
cedure followed was the same as for the Hidden Treasure ore (Fig. 3), 
except that the plus 120-mesh material was tabled to make a sand 
tailing which eliminated 31 per cent of the feed with allowable losses, 
and decreased the amount of grinding required. 

Three comments may be made on Table 14 as follows: (1) The zine 
concentrate was contaminated with about 16 per cent chalcopyrite. 
(2) Comparison of lead concentrates 2a and 2b shows that 2b is of 
better grade; two drops of the tar mixture was used, in the 4-liter 
machine, to draw 2b, whereas only one drop was used to draw 2a. 
This suggests that the nature of the flotation products responds to 
the reagents so readily that the products could be improved by 
further study—more of the copper could be kept out of the zinc con- 
centrate. (3) The one hundred-fold increase of gold in 4 is proof 
that gold was carried in the froth made by the Cleveland Cliffs oil 
and was recovered by gravity concentration on the Wilfley table. 
Such a concentrate demands attention; it assays 7.14 ounces gold and 
30.70 ounces silver, whereas the feed assays only 0.07 ounce gold and 
1.07 ounces silver. 

Table 15 shows that 74.88 per cent of the lead was recovered and 
the zine content was kept far below the point of penalty. The zinc 
in the zinc middling brings the expected zine recovery up to 70 per 
cent. The grade should be improved. 

The chemicals required amounted to 3.5 pounds sodium sulphide 
and 0.9 pounds sodium dichromate per ton of mill feed. The amount 
of sodium sulphide was excessive because of the pulp being unneces- 
sarily dilute when the second grab was cleaned. The plan of taking 
a second grab for further cleaning, as shown by Figure 3, had to be 
abandoned in subsequent work because of the difficulty in the limited 
amount of time of determining experimentally the most desirable 
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quantity of reagents and the conditions. Doubtless the plan would 


prove effective in a mill. 


TaBLE 14.—Details of locked test of Iowa-Tiger ore. 


| 
| Lead. | Zine. Iron. 
ela Per ; ‘3 | - = 
of prod-, cent o! er er er 
Product. ucts | total | Assay | cent of] Assay | cent of) Assay | cent of 
\(grams).) weight.) (per feed (per feed (per feed 
cent). | con- | cent). | con- | cent). | con- 
tent. tent. tent. 
1.75 | 100.00 2.6 100.00 245} 100.00 
. OF 41.2 25. 62 3.8 1.59 
q 6.8 A. 48 7.3 3.19 
. U9 8.6 10 2) 6.0 4.83 
3. Lead concentrate. . 131 77 | 62.6 27.57 3.4 1.01 
4. Lead concentrate 34 20] 42.8 4.99) 14.7 1313 
5. Lead concentrate 90 -53 6.7 2.03 | 23.6 4.81 
6. Iron underflow . 470 2.7 3.2 5.06 4.6 4.89 
7. Zine concentrate........-.-..e-00-- 674 3.97 3.3 7.47 ; 65. 57 
8; Zine: Middling:..ces.5.csseaegeaens 165 -97 3.6 1.99 4.56 
Hand) tailing sc... ecsessscceag ose .-| 5,270 | 31,00 35 6. 20 4.77 
9) THUNE. sex gacseg se <eveun ge ve ys 9,200} 54.12] 0.15] 4.04 4.21 
| elec 
PoothtigcisscSaedsazsatsaosd snd 16,708 | 98.04 [o....... 100, 24 100. 56, 
Copper Gold. 
Sy cleht Per ; ‘s 5 s 
of prod-| cent o! er er er 
Product. ucts total | Assay | cent of} aany cent of | Assay cent of 
(grams),| weight.| (per | feed |\CURTES| “feed |OOUEES) “feed 
cent) con- tn % con- ten) con- 
tent | tent on). | tent 
BP CO0 s iva vs fad cane oe a veekipdes sor eligts 17,000 | 100,00 0. 56 | 100.00 0.07 100.00 1.07 100.00 
——— =: 
1. Lead concentrate..........-....--- 185 1.09 1.00 1.94 283 12. 90 8.43 8.58 
2a. Lead concentrate 193 1.13 4.88 9. 89 28 4.5 4.48 4.71 
2b. Lead concentrat 356 2.09 5.12] 19.15 30 8. RS 5. 06 9.90 
3. Lead concentrate. 1.31 tT 1.20 1.65 | 2.16 23.78 | 11.92 8.59 
4° Lead concentrate. ..........-.0.--5 34 - 20 1.68 60] 7.14 20,40 | 30.70 5.74 
5. Lead concentrate. ........6.-e0- ee. 90 53 8.92 8.43 .07 283 4.57 2.41 
6, Trou nnderllaw's o..25 60. 55 ose cess cs 2.77 1.00 4.94 12 4.74 3. 92 10.13 
7. Zine concentrate. 3.97 5.76 | 40.78 «26 14.73 5.94 22.01 
8. Zine middling.... 97 2.56 | 13.25 14 1,94 6.18 5.0 
Sand tailing... 31.00 -08 4.45 OL 4.43 3h 10. 43 
Oo Pailing .csctescesewespetanacessss 54.12 04 3. 86 005 3.86 -20 10, 12 


Tron. 
wee Per , ‘ 
of prod-| cent o! er 
Product. ucts total | Assay | cent of| Assay | cent of} Assay | cent of 
(grams).| weight.) (per feed (per feed (per 
cent). con- cent), | con- cent). con- 
tent. tent. tent. 
POA arch cdetoatecssspecsatsteeenses 17,000 | 100.00 1.75 | 100.00 2.60 | 100.00 2.45 100.00 
Lead concentrate.......0..c0ee00eee0s gso | 5.82 | 22.52| 74.88| 7.40| 16.50 | 22.56 | 53.57 
Zine concentrate i 3.97 3.30 7.47 | 43.00 |) 65.57 8.90 14. 40 
Zine middling. . 97 3.60 1.99} 12.20 4.56 8, 80 3.48 
DailnRosasecgeghwyccssccqceecasiecees 87. 88 -32 | 15.90 41 13. 87 -78 27.75 
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TaBLe 15.—Résumé of locked test of Iowa-Tiger ore—Continued. 


Gold. Silver. 


Weleht en 
of prod-| cent of | 
Product. ucts | total 

\(grams),| weight. 


60d 5225 sts cendacpes Sans cide te TASe 17,000 | 100,00 -07 | 100.00 1.07 | 100.00 
Lead concentrate..............e.eee0e 989 5. 82 -8) | 71.03 7.35 | 40.00 
Zine concentrate sae 674 3.97 26 | 14.73 5.94 22. 01 
Zine middling.........- oie 165 .97 .14 1.9, 6.18 5.0 


Tailing 


-O1} 13.0. 37 | 30. 65 


COLUMBUS, AT SILVERTON. 


The Columbus mine and mill, at Silverton, are operated by the 
Gnome Mining Co. As the metal content (see Table 16) of the 
Columbus ore is low,a flow sheet of maximum simplicity is impera- 
tive; the second overflow, as shown in the procedure of the Hidden 
Treasure (Fig. 3, p. 37), was omitted. A sand tailing was made to 
reduce to a minimum the amount of grinding. The procedure is, 
shown in Figure 4. The details of the locked test are shown in Table 
16, and the résumé in Table 17. 

Although the lead concentrate was low grade, its zine content was 
below the penalty point; it contained “pay copper,’ but the 
“insoluble” was about 7 per cent in excess of the iron. The lead 
recovery was 72.71 per cent, and the lead concentrate contained 
94.60 per cent of the gold and 58.48 per cent of the silver. 

The zine concentrate assayed 52.0 per cent zinc and the zinc in 
the zine middling brings the expected recovery of zinc up to 68 per 
cent. 

The consumption of sodium sulphide and dichromate amounted 
to 1.3 pounds and 0.8 pound, respectively, per ton of mill feed. 

The treatment in the acid dichromate solution eliminated 75 per 
cent of the iron (not as chalcopyrite) that entered the treatment and 
sacrificed only 4.54 per cent of the zinc in the mill feed. 

The iron underflow produced by the dichromate treatment can be 
concentrated on tables when the situation justifies, or when rich 
enough in lead and precious metals it can be added to the lead con- 
centrate. 

A noteworthy feature of Table 16 is the high segregation of precious 
metals in concentrates 2 and 3. 
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Stage crush in jaw 


a 
ap Shee aes OROMRL. SS = 
#120 Ewe -120 Fan 
ceeds ches ONE, Fe aig = 
(1) ep conc. (7) Sand tailing “ith salphi de 
Stage grind 


-120 mesh 


Flotation by roughing and cleaning 


41 


in locked test, returning the reground 
middling after first overflow is drawn. 


(Coal tar, (Cleveland 
cresylio Cliffs 
and Nass) oNOe 2. oo cee 7 
(2) Lead cons. 2nd overflow (8)_Tailing 
Table 


Roughing flotation 
acid dichromate 


ert low (6) Iron 


Three cleanings 
in locked test 


(4) Zinc conc. 


Fia. 4.—Flow sheet of locked test of Columbus ore. 
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TABLE 16.—Details of locked test of Columbus ore. 
Lead. Zine. Iron. 


Weight} Per P 
er Per Per 
Product. a Sank ae Assay | cent of | Assay | cent of | Assay | cent of 


feed (per feed (per feed 


(grams) weight.) con- | cent).| con- | cent).| con- 


tent. tent. tent. 
Weed bc. idéctecdecespaasscsteencancses 13, 450 | 100.00 100. 00 3.3 100. 00 1.95 1,0) 
————=S OS —— ——~ 
1. Lead concentrate...........---..-- 14 1.15 21. 87 82 284) 187 10. 
2. Lead concentrate...........--...-- 621 4.62 22. 62 7.2 10.07 | 20.8 49.25 
3. Lead concentrate. ..........-.....- 138 1.03 28.22) 11.2 3. 48 6.7 3.52 
4. Zine concentrate. . cows 520 38. 87 9.28 | 52.0 60, 90 4.3 ax 
BS. Zine middling. . ..,0¢ Gecsesiewes 205 1.52 6.25 | 19.7 9.09 7.4 5.78 
6: Jrons1inderflow .2205. cova sseleveses 240 1.78 5.35 &4 4. 54 5.6 £12 
#2, Sand tailitig: -soccvdersovecssssasee 3,785 | 28.14 2.11 4 3. 41 3 435 
Bis Tain Js60s 0% ccswacsnw se tescsecs 7,787 | 57.89 2.89 .35 6.14 a4 11.7 
Footing ; 13, 450 | 100. 00 | 98,59 |........ 100. 47 |........ 99. 37 
Copper. Gold. Silver. 


vot aa nN . 
of prod-| cent o er er er 

Product. ucts | total | Assay | cent of] Assay | cent of| Assay | cent of 
(grams))| weight. (per feed |(ounces| feed |(ounces| feed 
cent).| con- per con- per con- 

tent. ton). | tent. | ton). | tent. 


13, 450 | 100.00 0.30 | 100,00 0.02 | 100.00 1.21] 199. 


1. Lead concentrate. ....... 0.2.2.2... 154 wis 80 3.05 
2. Lead conceutrate.............0.5-- 621 4. 62 2.42] 37.25 
3. Lead concentrate. .............-22- 138 1,03 52 1.77 
4. Zine concentrate. . +r 520 3. 87 2.78 | 35,82 
5. Zine middling..... ar 205 LS 1.88 9.55 
6. Iron underflow. . ss 240 1.78 -70 4.16 
To Sand toiling:<.ccicasestesc552 220% 3,785 | 28.14 04 3.75 
So. Paling osc ccnbecge ossesacsje cess 7,787 | 57.89 - 03 5,78 
Fououne. ci vesrssaees csi ssyces 13, 450 | 100.00 |......-. 


8 
8 
3 
Ps 


Zinc. Tron. 


Weicht} Per 


of prod-| cent of Per Per 
Product. ucts | total cent of 

(grams)| weight. feed feed 

con- con- 

tent. tent. 
Ped). ccsiviescs Piece cesaeredecstecses 13, 450 | 100.00 2 100. 00 1.95 | 1m. 00 

» ————————— es 

Lead concentrate... .......222- eens 913 6. 80 16.39 | 18.3 63. 75 
Zitie concen tTRE, < as csc dy eas wae 520 3.87 60. 90 4.3 & 52 
Zinc middling...........-......20-005 : 1,52 9.09 | 7.4 578 
Tailing 87. 81 14. 09 47 21.32 


Product. 
(ounces| feed 
er con- 
m) tent. 
POO 2. sic2 ba tars aeiaanaacsetecesasse 1,21 1.00 
—e 
Lead concentrate 10, 42 5S 48 
Zine concentrate aa 5. 66 18.08 
Zine middling:........2.ccccsecseesse 6. 56 
Daiing.. 2. 2d. igeenseacocsvesan see cas 
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SUNNYSIDE, AT EUREKA. 


The Sunnyside mine and mill at Eureka are operated by the 
Sunnyside Mining & Milling Co., the mine being now (1921) the most 
important in the Silverton district, and the company has probably 
done far more experimenting on so-called differential flotation of 
these sulphides than any other company in Colorado. It has evolved 
a flotation separation for its ore that is fairly successful but is not 
wholly satisfactory. 

Table 18 shows the details of a locked test of the Sunnyside ore, 
the procedure being much the same as that applied to the Columbus 
ore (Fig. 4), although the making, in this test, of a sand tailing was 
not feasible. Another exception will be mentioned later. 

By tabling the part of the feed coarser than 120-mesh, 18.14 per 
cent of all the lead was recovered. Coal tar, cresylic acid, and sodium 
sulphide were used to make lead concentrate 2. This product is low 
in zinc content (6 per cent) and contains 28.03 per cent of the copper, 
10.92 per cent of the gold, and 17.95 per cent of silver. 

Lead concentrates 3 and a are instructive because of their hich 
precious metal content. Figure 4 shows the procedure for getting 
concentrate 3. The procedure for making a is the other exception 
mentioned above. The roughing run in the dichromate solution was 
stopped a short time before the zinc overflow was finished, and the 
charge remaining in the machine was tabled. 

The resulting concentrate was high in lead and precious metals. 
It is fortunate that the flotation of the gold and silver was so retarded 
in the dichromate solution, for this suggested advantageous changes 
in the flow sheet, which are discussed later (p. 54). 

As 6, iron underflow, runs about $16 per ton in lead and precious 
metals, it should have been tabled; it contains 7.33 per cent of the gold 
and 9.87 per cent of the silver. These would add appreciably to the 
recoveries tabulated. The tailing is higher in silver (0.85 ounce per 
ton) than expected; before sodium sulphide was used tailings of 
less than half this silver content could be made easily. However, 
the added loss is not prohibitive. 

Table 19 summarizes the results. The lead recovery was 79.45 
per cent. The zinc middling would bring the zinc recovery up to 
80 per cent and maintain a grade of 54 per cent zinc. 

The consumption of sodium sulphide and dichromate was 3 pounds 
and 2 pounds, respectively, per ton of mill feed. The grinding was to 
120 mesh except for some of the lead which was recovered in a coarse 
condition. 
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TABLE 18.—Details of locked test of Sunnyside ore. 
‘ Lead. 
Sieh oe) | 
of prod-| cent o er 
Product. ucts | total | Assay |cent of} Assay 
(grams)| weight.) (per feed (per 
cent). | con- | cent). 
FOOd::chodssetevtlaltssntteaetaneasss 10,000 | 100.00 5.6 | 100.00 7.6 
———<—— =—— 
1, Lead concentrate 166 18.14 5.5 84 5. 69 
2. Lead concentrate 566 29. 21 6.0 19.1 44.12 
3. Lead concentrate 220 24, 76 9.1 5.4 4.87 
a. Lead concentrate 75 7. 34 5.1 10.4 3.20 
6. Iron underflow 380 2.31 7.0 7.5 11.65 
4. Zine concentrat 1,029 9.19 54.0 28 1L7 
5. Zine middling 260 3. 90 30.7 5.7 6.05 
8 Tailing.... , 300 5. 21 4 .4 11.98 
BQOUME: i<.c00s.e505 9, 996 ‘| 100.06 |-.....-.) 99.85 |........ | 99. 32 
Copper Gold Silver 
, ed: ad { P | P. P. 
of prod-| cent o! er e! er 
Product. ots | total Assay | cent of ceeds cent of tounoas cent of 
(grams) weight.) (per feed a3 feed 
cent). | con- | Fyy, | con- ton) con- 
tent. * | tent. * | tent. 
— —_—$- |: —<$—$—<—— | | ——————_! —____ 
POON S ccss sacsicedie tcigsssSaetetescce 10,000 | 100. 00 0.42 | 100.00} 0.057 100, 00 | 6.11 | 100.00 
1, Lead concentrate 166 1. 66 42 1. 66 5 5.95 
2. Lead concentrate 566, 5. 66 2.08 | 28.03 17.95 
3. Lead concentfate 220 2. 20 44 2.30 14.46 
a. Lead concentrate. 75 «75 42 +75 6.05 
6. Iron underflow. 380 3. 80 +26 2.40 9. 87 
4. Zine concentrat 1,029 | 10.29 2.06 | 50.47 23. 60 
5. Zine middling 260 2. 60 -98 6. 06 10.91 
& Tailing.. 7,300 | 73.00 -05 8. 69 12.14 
Ropting\ A)2.c cee Jesegeawsdee 9,996 | 99.96 |.....2.. 100. 36 | 99.93 
TABLE 19.—Résumé of locked test of Sunnyside ore. 
Lead. Zinc. Tron. 
Weight) Per 
er Per Per 
Product. pt prod oenr at Assay cept of| Assay een Ee of Apeay cen nk of 
; (per, e (per ee per ee 
(grams)) weight. ent con- | cent). | con- | cent). | con- 
tent tent. tent. 
Feed..... she@eataieas rere) pies detsae 10,000 | 100.00 5.6 | 100.00 7.6} 100.00 2.45} 100.00 
Lead concentrate......2....s0s02ee0e- 1,027| 10.27] 43.3) °79.45| 65| 8&SO| 128 | 57.98 
Zine concentrate... -.| 1,029] 10.29 5.0 9.19 54.0] 73.13 2.8 11.76 
Zine middling... | 260 2. 60 8.4 3.90 30.7} 10.52 5.7 6.0% 
Iron underflow. . st 380 3. 80 3.4 2.31 7.0 3.50 7.5 11.65 
Flotation tailing. ..........2..2....-. | 7,300 | 73.00 oA) GBR A] 3.85 4 11.98 
Copper. | Gold. Silver 
Weight, Per P P P 
of prod-| cent of cr | Assay er | Assay ne 
Product. ucts | total red cent of | ounces cent (ounces wae 
(grams)| weight, cont). | con- thay con- Pony con- 
| tent ‘ tent ‘ tent, 
| 
Peed AsaxcaegesticevcasesgaustaasSacs | 10,000 | 100.00] 0.42} 100.00} 0.057 | 100.00| 5.11! 100.00 
Lead concentrate 
Zine concentrate. . 
Zine middling... 
Tron underflow... 
Flotation tailing. . 
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It would have been a gross oversight not to investigate the very 
hard and nearly barren gangue (rhodonite), much of which can be 
removed before it is ground to flotation size. Accordingly a sample 
was stage crushed through 40-mesh and the part coarser than 120- 
mesh tabled to make a sand tailing one-third of the original sample 
being thus discarded. This discard assayed 0.4 per cent lead, 1.7 
per cent zinc, 0.12 per cent copper, trace gold, and 1.06 ounces silver. 
The zine and silver content were too high because, during the tabling, 
sulphides were carried by film suspension across the table and into 
the gangue. A sample caught for analysis assayed 4.4 per cent lead, 
34.6 per cent zinc, 11.1 per cent iron, 2.80 per cent copper, 0.20 ounce 
gold, and 6.62 ounces silver. Although this loss could not be pre- 
vented on the miniature table, it could be eliminated (for grains 
coarser than 120 mesh) on one of commercial size. Substitution 
of tabling for the grinding of this very hard gangue, would be a con- 
siderable improvement. 


BLACK BEAR, AT TELLURIDE. 


The Black Bear mine and mill, near Telluride, are operated by the 
Colorado-Superior Mining Co. ; 

Table 20 shows that the sample of ore tested is of such grade, the 
cost of grinding must be reduced to a minimum. Accordingly the 
first test was to make a sand tailing on the miniature Wilfley table, 
thereby discarding a part of the mill feed and grading up the remain- 
der. 

By stage crushing through 30-mesh and tabling the part remaining 
on 120-mesh, 36 per cent of the original ore was eliminated with an 
allowable loss. To consider alone the bare analyses of this sand 
tailing is not sufficient, as it should be borne in mind that it is the 
most refractory part of the mill feed both as to grinding and as to 
extraction and grade of products derived. The outstanding charac- 
teristic of this ore is that the content of copper (chalcopyrite) con- 
tent is very high as compared to that of zinc and if not removed will 
reduce the grade of the zine concentrate so much that it will not be 
marketable. 

Table 21 covers the series of runs made on minus 80-mesh material 
to determine the grade of products that could be made by using 
stated amounts of sodium sulphide with the mixture of coal tar and 
cresylic acid, the object being to float the copper, gold, silver, and fine 
lead in advance of the zinc. The results were decidedly encouraging 
but the sample was exhausted before the requisite amount of sodium 
sulphide was determined. The floatability of the lead, copper, and 
precious metals with sodium sulphide is remarkable when the mesh is 
considered. It is likely that 3 grams sodium sulphide (6 pounds per 
ton) would give a very desirable product: Flotation could then be 
continued to make a zinc product (and tailing) to be tabled for the 
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recovery of more lead, gold, and silver; this would give a very high 
recovery of lead. Tailings made in a manner similar to that stated 
above contained only about 5 per cent of the economic minerals. 
The zine product could be cleaned and ‘‘graded-up” by the procedure 


used for the other ores. 


In a later test on the Black Bear ore the tar mixture was replaced 


by xylidin. 


cleaner and the chalcopyrite floated more freely. 


The results were very promising; the overflow was 


TaBLE 20.—Tabling of coarse product in Black Bear ore for sand tailing. 


Lead. Zinc. Tron. 
Weight) Per 
Product of pro- | cent of Per Per Per 
ducts | total | Assay | cent of | Assay | cent nai Assay | cent of 
(grams)| weight.| (per feed (per | feed (per feed 
cent). | con- | cent). | con- | cent). | con- 
tent. tent. tent. 
‘ 
me Rodames sess sescde Jl ackeesssaees| '2;000 ] 100.00: 2.3 | 100.00 | 4.2 | 100.00 4.6 | 100.00 
Sand COUN. Sissi ksi ci aendecesee ses 720 | 36.00 «15 2.35 4 3.31 9 7.04 
—_—— =— = 
Copper. Gold. Silver. 
Weight! Per i Te 
Product of pro- | cent of Per Per Per 
; ducts | total | Assay | cent of Assay | cent of| Assay | cent of 
(grams) weight., (per feed |(ounces| feed |(ounces| feed 
cent). con- per con- per con- 
tent. | ton). | tent. ton). | tent. 
aa a 23} 
OO 526 eiiaanes S58 58a 25005055 2280 fe, 2,000 | 100.00 1.04 | 100.00 0.11 | 100.00 2.12 | 100.00 
Sand tailing. .< ssi... csesesceceese ces 720 | 36.00 09 3.12 -O4] 13.10 28 4.75 


TABLE 21.—Comparative flotation tests of Black Bear ore (—80-mesh) to determine 
desirable amounts of sodiwm sulphide. 


Product. 


Feed (No NaS) 


First grab 
Second grab 


First grab (1 gram Na2S)..........-.-- 
Becond graben coy .sctaenecstssacarses 


First grab (2 grams NaeS)............ \ 


Second grab 


Gor gle 


Lead. Zinc. Iron. 
Weight! Per 7 —— 

of prod-| cent of Per Per Per 
ucts | total | Assay | cent of] Assay | cent of | Assay | cent of 

(grams)| weight.) (per feed (per feed (per feed 

cent).| con- | cent).| con- | cent). | con- 

tent tent. tent. 
1,900 | 100.0 2.6 ‘100.00 4.3 | 100.00 4.7 100.90 
5 | 5] 124] 77.00] 147] 39.32] 120) 29.36 
40 4.0 3.8 5.84 16.5 15. 35 | 8.4 7.81 
155] 15.5 |........ 7 | 37.17 
120° 12. 0 12.1 55. 84 8.0 | 22.32 17.0 43. 41 
65 6.5 5.3] 13.25 8.8] 13.31 14.6 20. 19 
195'|'-18.5)|...5.5.4)) 69.08.|........ 35.63 |........ | 63.60 
17] 127| 13.4] 65.45] 5.0| 14.77] 17.6] 47.55 
65 6.5 7.7 19, 25 16.6 | 25.09 13.0 18.00 
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TaBL_eE 21.—Comparative flotation tests of Black Bear ore (—80-mesh) to determine 
‘sirable amounts of sodium sulphide—Continued. 


Copper. Gold. Silver. 
Weight] Per 2 3 = 
of prod-| cent of er er siete OF, 
Product. ucts total | Assay | cent of Assay | cont of | ASS8Y | cent of 


(grams)) weight.) (per feed sone feed [OUNCES | “road 
cent). con- teas: con- -con- 
tent. tent. tent. 


Feed (No NazS)..........0--2-eee06-- 1,000] 100.0 1. | 100.00 
= 


81.83 
7.39 


First grab 


First grab (1 gram NasS)............. 120 12.0 4:54) UB5.6EY ceca celeseses.9 We csesalun cae. Se 
Becond: grabs. sc. s-s2.006 si vescsegacanss 65 6.5 CHD el ie LOU Ree peereero Iseccaees 
TOtAl: .iscasc Sess senes cee ocewer 185, DRS issaetes || [oh SE ps ances et aecctan saedscad lacoste s 


First grab (2 grams Na2S).. re 127 12.7 5.16 | 63.01 30 | 34.70 9. 29 58. 80 
Becond' grab. 5. css. esitecsscsensesse 65 6.5 4.86 | 30.38 28.40] 9.54 1.00 
TOtalsxass.ccstctpeceswsancheatet 192 19.2 [eseceeos 93.39 }.......- GIO 17-652 32 *| 89. 80 


TOMBOY, AT TELLURIDE. 


The Tomboy mine and mill, near Telluride, are operated by the 
Tomboy Gold Mines Co. (Ltd.). The ore is like the Black Bear ore 
just described. In making the products shown in Table 22 the same 
procedure was followed as in testing the Columbus ore in Figure 4. 

One-fourth of the mill feed was discarded by making a sand tailing 
(7, Table 22), and by tabling the mixed sulphide thus obtained, 31.97 
per cent of the lead was recovered. 

The large amount of lead and precious metals recovered in (1) lead 
concentrate and the low metal content of the sand tailing indicated 
that the grinding could have been coarser—that is, to 40-mesh instead 
of 50-mesh—thus increasing the amount of coarse lead and decreasing 
the expense of grinding. 

The grades of the lead concentrates 2a and 2b indicate the required 
amount of sodium sulphide for the best results; the zinc in 2b assays 
only 9 per cent, but assays 16 per cent in 2a. This improvement 
resulted from increasing the amount of sodium sulphide from 3 grams 
to 4 grams in the 4-liter machine. As there were nine runs ‘and 6.5 
gram-tons of mill feed, the consumption of sodium sulphide when 
using 4 grams would amount to 5.5 pounds per ton of mill feed. Only 
one drop of the coal tar and cresylic acid mixture was required for 
each run. Table 23 shows the lead recovery was 84.79 per cent. 

There was only enough of the zinc product for two runs in locked- 
test fashion. Each run consisted of one roughing and three cleanings. 
The dicromate required in the successive steps of each run (4-liter 
machine) was 1.5 grams, 0.5 gram, 0.5 gram, and 0.25 gram; the solu- 
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tion used in the roughing was retained in the circuit; the dichromate 
required amounted to 0.84 pound per ton of mill feed. 

The zinc concentrate was not satisfactorily graded up because of 
the low zinc content of the zinc middling; a heavier middling should 
have been made. As much better results can be obtained, it is unfor- 
tunate that time for a further study of the ore was not available. 

The marked segregation of precious metals in 3, lead concentrate, 
is in accord with tests of other San Juan ores, the precious metals 
being more easily tabled into a lead product from this fine material 
than from the material coarser than 120-mesh. 

In a later test of the Tomboy ore the tar mixture was replaced by 
xylidin, and in another test by a very small amount of steam-dis- 
tilled pine oil. Results were encouraging, and the investigation 
should be carried further. 


TABLE 22.—Details of locked test of Tomboy ore. 


Zine. Iron. 


Weight! 


Per 
of prod-| cent of Per Per Per 
Product. ucts total Assay | cent of] Assay | cent of} Assay | cent of 
Ww 


(grams) (per | feed (per | feed 

cent). | com- | cent). | con- 

tent. tent. 
BOOS sod ns veaFstesieicscssascssceun 100. 00 3.4 | 100.00 4.5] 100,00 
1. Lead concentrate... 2. 08 2.8) 1.72 18.9 8.77 
2a. Lead concentrate... 3. 27 16.0 | 15.38 13.5 9, 82 
2b. Lead concentrate . 4.51 9.0] 11.93 16.8 16, 81 
3. Lead concentrate. .. 79 1,8 42 14.6 2.51 
4. Zinc concentrate...... 4. 38° 41.6] 53.62 11,1 10. 8 
5. Zine middling...... 1. 85 RA 4.02 19.5 & O01 
6. Iron underflow..... 2.00 6.0 3.52 8.9 &. 41 
7. Sand tailing........ 25. 89 4 3.05 1.5 &. 64 
Bo Walling eccesenesvsdsesessse cp peas 53. 46 4 6.31 2.2 26.14 
Footing. soc.0,. neccewssceceze 12,770 | 98.23 |........| 100.47 |........ 99.87 | ....... 100. 05 

Gold. 


Wetknt le P 
of prod-| cent o Per er 
Product. ucts | total | Assay | cent of| Assay | cent of| Assay | cent of 
(grams)| weight.| (per feed |(ounces| feed |(ounces| feed 


Feed....... bis tha seunie esse sere acerues 13,000 | 100.00 0.54 | 100.00 | 0.195 | 100.00 3.25 100. 00 
1, Lead concentrate. .. 271 2. 08 40 Ld 
2a. Lead concentrate 425 3. 27 3.04 | 23.85 
2b. Lead concentrate 586 4.51 3.46 | 28 88 
3. Lead concentrate. 103 +79 +20 +29 
4. Zinc concentrate. .. *. 570 4,38 3,28 | 26.63 
6. Zine middling. ..........-.-...++- 240 1.85 1, 72 5. 88 
6. Iron underflow. .........-.----+--- 260 2. 00 1.56 5.78 
7. Band talling: 5 s032csco gees sr eseeden 3,365 | 25.89 06 2. 87 
85, Taig: ape cscewtaeceyes cts sesenss 6,950 | 53.46 . OF 3.96 
waseoess 99. 68 


col 
8 
e 
3 
z 
8 


Google nee: 


TESTS OF COMPLEX SULPHIDE ORES. 49 


TABLE 23.—Résumé of locked test of Tomboy ore. 


Lead. Zine. Tron. 


of prod-| cent of Per Per Per 
Product. se | total Assay | cent of | Assay | cent of| Assay | cent of 
(grams) |weight.| (per feed (per feed (per feed 


tent tent tent. 
MeO. 2istinccscccsssstaati aiciiataras 4.5 100. 00 
Lead concentrate... 16.0 | 37.98 
Zinc concentrate 11.1 | 10.8 
Zine middling... 19.5 8.01 
Iron underflow. . 3 . 3 ¥ atiy 18.9 8. 41 
Delling oi Sah So se tien soe ecienwnc et ‘ , ‘ 7 . . 2.0 34.77 

Copper. Gold. Silver. 
Mee Let Leek Le 

of prod-| cent o er er er 
Product. ucts total | Assay |cent of} Assay | cent of] Asay | cent of 

(grams)| weight.| (per feed |(ounces| feed |(ounces} feed 

cent). | con- per con- per con- 

tent. | ton). | tent. | ton). | tent. 
POO: wind coca tnca sins chase tetesepees 13, 000 | 100. 00 0 54 | 100.00 | 0.195 | 100.00 3. 25 100. 00 

oe — —— 

Lead concentrate.. 1,385 | 10.66 2.77 | 54.56) 1.34 73.65 | 18.52 60. 80 
Zinc concentrate. . 570 4.38 3.28 | 26. 63 32 7.18 9. 08 12, 27 
Zine middling. . 5 240 1,85 1.72 5, 88 24 2.27 & 34 4.75 
Iron underflow. ..............0.+--05- 260 2.00 1. 56, 5.78 33 3.38 | 12,21 7.55 
MPOIMDG. 3o 2. cacsciantacestesesesecet ce 10,315 | 79.35 05 6. &3 033 13. 52 60 14. 66 


MARION, AT RYE. 

Two samples of Marion ore were examined early in 1920; they 
were used in preliminary tests that revealed no plan of treatment 
that seemed capable of satisfactory development. 

The first sample assayed 0.3 per cent lead, 27.3 per cent zinc, 
7.8 per cent iron, and 2.86 per cent copper (chalcopyrite). The 
second assayed 2.4 per cent lead, 7.6 per cent zinc, 4.8 per cent 
iron, and 2.12 per cent copper. 

In the light of later work, it seems that the method applied to 
the San Juan ores would be as successful for the Marion ore. 

Mica is one of the troublesome constituents of this ore. 


PECOS, AT VALLEY RANCH, N. MEX. 

The Pecos ore, like the Marion, contains mica, which is the most 
troublesome constituent, and the content of base metal is similar, 
It was taken as a substitute for the Marion because another sample 
of the Marion could not be easily procured. 

The time allowed for this work was so short that in order to com- 
plete a locked test only a very brief preliminary investigation could 
be made. The procedure followed was nearly the same as that ap- 
plied to the Columbus ore (Fig. 4). The Pecos ore is so high grade 
that the making of a sand tailing on a table would not be econom- 
ically feasible except for the mica causing trouble in flotation. 
Tabling removed 7.33 per cent of the mill feed as mica tailing. As 
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the mica causes trouble in flotation and is difficult to grind, this 
tabling is desirable, since some of the mica can be tabled out and 
discarded cheaper than it can be ground. Furthermore, there is a 
remote possibility of finding a market for the mica. 

The results shown in Table 24 require no discussion except (a) iron 
concentrate. Tests had shown that the flotation of the galena and 
precious metals was retarded in the dichromate solution. In order 
to take advantage of the segregation brought about by this retarda- 
tion, the roughing flotation in dichromate was stopped before the 
run was finished and the underflow was tabled. A concentrate 
called (a) iron concentrate was obtained. The high content of lead 
and precious metal in this concentrate shows that a similar pro- 
cedure in a mill would add to the recoveries. The exact imitation 
in the mill of what was done in the laboratory would not be feasible, 
but a scheme could be substituted that would be simpler and more 
effective. This will be discussed later. The tailing from the tabling 
was put back in the flotation machine and the run finished. 


TABLE 24.—Detail of locked test of Pecos ore. 


Lead. Zine. Iron. 
eight 

| or os Seok Per Per Per 
Product. ducts | total | 48S4y | cent of| Assay | cent of| Assay | cent of 

| cramss | weight.) (per feed (per feed (per ved 

(grams;) WORDT! cent). | eon- | cent). | con- | esnt). | con- 

tent. tent. tent. 

aa 
FOGd a, 256 -c3aSesetota lsat. See ples 10,000 | 100.00 4.08 | 100. 00 18.9} 100,00, 11.3 100. 00 
1. Lead concentrate..........2...-.4- we] 2.96] 23.0 | 1.68] 54] St] 299) 783 
2. Lead concentrate. ... 42] 15.42] 12.5 47,16 10,8 X79 16.8 22.95 
3. Lead concentrate. ....... 109 1.49} 38.0 10.15 3.5 - 20 23.7 2.29 
Tron concentrate from Lap tiegs 105 1.05 3.3 4 3.2 18) 40.5 3. 76 
(a) Iron concentrate.. 92 92) 10.2 2.25 2.3 -IL) 3&4 3.13 
4. Zine concentrate... “ 2,904 29. 04 21 14. 95 47.2 | 72.34 6.9 17.3 
5. Zine middling..... at 426 4.26 2.4 2.50 22.4 5. 09 15.1 5. 69 
6. lron undertlow K 7 2. 36 12,0 8.75 20. 2 24. 67 
7. Mica tails... 4 71 3.5 1.35 3.4 2.21 
8. Tailing.... 4 2.34 1.8 2.27 4.6 9, 73 
Footing........ 
Copper. Gold. Silver. 

Bi contol Per Per | Per 
Product. iets total Assay | cent of| Assay }cent of} Assay | cent of 

vrams)| weight (per feed |(ounces} feed |(ounces| feed 

5 Weigh’! cent). | con- per con- per con- 

tent. | ton). | tent. | ton). | tent. 
Feed... odbvecasdessaesadaes deseo 10,000 | 100,00 1.10 | 100.00 | 0.141 | 100.00 4.13 | 100.00 

1, Lead concentrate. ..............2.. 296 2.96 40 1. 07 «73 1 2 . 
2. Lead concentrate. 1,542] 15.42 284 | 39.91 .u4 15, 26 8,33 31.13 
3. Lead concentrate. ..... 109 1,09 22 22] 2.89 22.50 | 25.83 6. 82 
Tron concentrate from tailin ies 105 1,05 +16 215 . 56 4.20 5. U8 1.29 
(a) Tron concentrate. ...... 26% 92 «92 +28 23 44 2. 86 7. 02 1.56 
4. Zine concentrate... > 2,904 | 29. 04 1.76 | 46.46 0s 16.55 4.28 30. 09 
5. Zine middling... 426 4.26 WO 3.48 O8 2.39 3. 36 3.46 
6. Iron undertlow. ... 1,380 | 13.80 ~38 4.77 10 9.90 2.50 & dS 
7. Mica tails.......... eA 733 7.33 21 1.39 09 4.98 1.13 2.00 
Bi TRUIUG screcseseatepesaesacetavatey 2,390 | 23.90 12 2.60 . OF 6. 81 89 5.15 
Pootilige svicssacesa ses iscctaeds 9,977 | 99.77 |.......- 100, 28 }........ 100, 86 |.......- 100, @ 


A résumé of the results appears in Table 25. 
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TaBLe 25.—Résumé of locked test of Pecos ore. 
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Lead. Zinc. Iron. 

Per Per Per 
Product. Assay |cent of| Assay | cent of] Assay | cent of 

(per feed (per feed (per | feed 

con- | cent). | con- | cent). | con- 

tent tent. tent. 
Bee sccasccisscastssaerehesas Mecsas 100. 00 18.9 | 100.00 11.3] 100.00 
Lead concentrate............--...0-++ 77. 08 8.9 10, 12 21 39. 6 
Zine concentrate 14.95 47.2] 72.34 6.9 17. 73 
Zine middling 2.50 22.4 5. 09 15.1 5. 69 
Tron underflo 2. 36 12.0 8.75 20, 2 24. 67 
iling....... 3. 05 2.2 3. 62 4.3 11. 94 

Copper Gold. Silver 
Weight} Per 

Product. of pro- | cent of Per Per Per 
ducts | total | Assay |cent of} Assay | cent of] Assay | cent of 

(grams).| weight.) (per feed |(ounces| feed |(ounces| feed 

cent). | con- per con- per con- 

tent. ton), tent. ton), tent 
FOGG covzpenseravasassseessses seer ass 10,000 | 100. 00 1.10 | 100.00 0.14 | 100.00 4.13 | 100.00 
Lead concentrate........2-...2.02-0-- F244 | 2tat| 2.13] 41.58] .39| 6223| 973] 50.98 
Zine concentrate. : : 2,904 | 20. 04 1.76 | 46.46 «OS | 16.55 4.28 30. 09 
Zine middling... 426 4.26 -90 3.48 08 2.39 3.36 3, 46 
fron underflow. .. Da -.| 1,380] 13.80 38 4.77 210 9.90 2.50 8.35 
DALUING. < cc cp nosecetactbter 558s lose cem 3,123} 31,23 14 3.99 O05 11.79 O44 715 


The consumption of sodium sulphide and dichromate was 4 pounds 
and 4.5 pounds, respectively, per ton of mill feed; the amount. of 
Cleveland Cliffs No. 2 oil was 1 pound per ton. The sulphuric acid 
required was always about one-fifth the weight of the dichromate. 


COMMENTS ON TESTS OF COMPLEX SULPHIDE ORES. 
PERSONNEL AND METHODS. 


The foregoing pages give the result of an examination of 18 ores 
of the type commonly known as complex sulphides. C. O. Anderson 
was the only member of the staff who conducted tests during the whole 
period of 10 months that was allotted to the work. J. C. Williams 
and Max Shapiro assisted during the first six months and five months, 
respectively. Mr. Williams devoted the remaining part of the period 
to the oxidized ores. Russell R. Bryan assisted for one week and 
brought valuable information on the practice at the Sunnyside mill. 
A. D. Storke gave valuable assistance during the last six weeks of 
the work. 

Two months were spent in research, leaving eight months for the 
examination of the ores. In consequence there was not time for 
making exhaustive tests of any ore or group of ores. The report 
should be considered as a unit rather than as a series of completed 
tests. 
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The methods applied were combinations of gravity concentration 
and flotation. The work was done in full appreciation of the fact 
that pitfalls are sometimes met between the laboratory and the mill; 
to apply gravity concentration wherever possible is the best safe- 
guard, and it minimizes the inconsistencies of so-called differential 
flotation mentioned on page 7. Gravity concentration was used 
to recover not only galena, but also a considerable part of the gold 
and silver. 


FLOTATION REAGENTS. 


The status of flotation in Colorado is not creditable; one operator 
has gone so far as to say that flotation has been a dismal failure in 
this State. On the other hand, this work has proved surprising by 
showing that the laboratory work can be systematized and the same 
process applied, with slight variations, to all the ores. If flotation had 
required the guessing considered necessary in its earliest stages of 
development, this work could not have been done. The authors 
do not claim that the oils used were the best, but what had to be 
used in order to accomplish the tasks assigned within the period 
allotted. Although the selection of oils requires more study, the 
same is true to a less degree of the acid dichromate and sodium sul- 
phide. The chemistry of the dichromate solution is fairly well under- 
stood and the study of sodium sulphide has been begun. Sodium sul- 
phide is a reagent commonly used for making oxides of lead and 
copper floatable, and its failure to make oxidized zinc floatable is 
well known. These facts coordinate nicely with its effect on sul- 
phides, for it makes the galena and chalcopyrite float in advance of 
sphalerite. If these sulphides are regarded as coated with incipient 
oxide films the parallel is complete. 


SODIUM SULPHIDE. 


The chemical consumption of sodium sulphide in the presence of 
galena, sphalerite and pyrite is appreciable, and can be accounted 
for only by an oxide-film theory. Further study of the chemistry 
of these reactions must be made, and the rate of oxidation in aerated 
solutions and the deportment of the products of oxidation must be 
determined. For example, it is likely that the sulphide should be 
added immediately before flotation begins, and that adding it in 
advance, for instance in the ball mill, would be detrimental. There 
is some evidence that the adding of the sodium sulphide and tar to the 
dilute pulp just before flotation is not only permissible but is desirable. 
This would be a great advantage as compared with the common 
practice of beating tar into a thick pulp. Of course, it is too much 
to expect that sodium sulphide will give good results in a mill feed 
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that is contaminated with soluble natural salts; the ores to which it 
was applied in these tests were compact and comparatively unaltered. 

Sodium sulphide increases the floatability of pyrite; consequently 
its addition may be undesirable when the pyrite is barren. If the 
content of the pyrite in the ore is high as compared to that of lead, 
the assay per cent of lead in the lead froth will be very low. 


TARS, 


Tars as flotation reagents are commonly regarded as making the 
froths too siliceous. This objection holds for the work considered here. 
In this work it was desired to have the tar make a froth carrying 
not only the finest grains of galena, but also a goodly percentage of 
the chalcopyrite and precious metals. The tar fell short of the 
requirements as to chalcopyrite and silver minerals, and a substitute 
should be sought. Steam-distilled pine oil and xylidin were tried 
with the sodium sulphide and the results were very encouraging. 
As is well known, tar is a poor frothing reagent. Its beneficial 
effects in this work would have been overlooked if the first tests 
had been made in the 9-liter instead of the 4-liter hollow-shaft 
machine. In these two machines the quantity of air supplied is 
the same; it proved entirely inadequate for the 9-liter charge but 
ample for the 4-liter charge. 


ACID DICHROMATE, 


Acid dichromate deserves serious consideration as a flotation 
reagent. In 1919 the average market price of chemically pure 
sodium dichromate was 12 cents per pound; early in 1920 the price 
advanced considerably, but in November of that year it dropped to 
8 cents. A commercial grade carrying some available acid is not 
only allowable but desirable, and it should be obtainable at a lower 
price. To approximate the amount of dichromate required for a given 
ore the percentage of zinc may be divided by four and the quotient 
taken as pounds of dichromate per ton of mill feed. As the dichro- 
mate is easily soluble in water the acid solution can be made up in 
tanks for each shift.. ; 

In the beginning of the work the dichromate was used to prevent 
the galena from floating with the sphalerite, but its positive effect in 
preventing pyrite from floating with the sphalerite was soon realized 
and the effect on galena was lost sight of. Only at the end of the work 
did the remarkable properties of this reagent begin to be appreciated. 
In addition to the positive “deadening”’ effect upon pyrite, the flota- 
tion of the galena, gold, and some of the silver minerals is retarded 
enough so that the recoveries of these minerals may be increased by a 
better manipulation than is indicated by the foregoing notes. After 
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a review of the manipulation above referred to, the proposed im- 
proved procedure will be discussed. 

The practice of cleaning the zinc product in the dichromate solution 
was to continue the roughing run (see definition of terms, p. 16) 
until all the sphalerite had come over in the froth and a pyrite product 
was drawn to make an iron underflow. The zinc froth was returned 
to the machine and flotation was repeated as often as desirable, but 
instead of an iron underflow practically free from zinc being made, 
zinc-iron middlings were made by stopping the flotation before all the 
zinc had come over in the froth; the overflow from the last cleaning 
constituted the zinc concentrate. The zinc middlings were put with 
the new charge to constitute the subsequent run. One of the weak 
points in this method was that the zinc middlings reentered flotation 
without any intermediate treatment, although a middling should 
have some kind of treatment to change its nature before it reenters the 
circuit from which it came. Ordinarily, grinding is practiced, but 
here gravity concentration, not grinding, is required to remove galena, 
gold, and silver minerals. 

The procedure should be modified as follows: The first part of the 
zinc froth formed during the roughing of the zine product should be 
taken to make a zinc concentrate corresponding to the concentrate 
made on the first cell of a multicell commercial machine. The rest of 
the overflow should be passed over concentrating tables to remove 
galena, gold, and silver minerals. Some pyrite would also be removed. 
The table tailing, enriched in zinc, would be sent back (after grind- 
ing) to the head of the rougher. An examination of the analyses of 
the zinc middlings and iron underflows in the foregoing tabulations 
will show the importance of these changes. To table the zinc middling 
after each flotation run would be a very tedious method of locked test- 
ing, but it is the only means of imitating mill procedure. 

The dichromate solution seems to have some corroding effect on the 
linoleum of the concentrating table. This would require watching in 
commercial work. 

A very small amount of oil is required for cleaning the zine prod- 
uct because the sphalerite has previously been oiled amd floated. 
No. 350 Pensacola Tar & Turpentine Co. oil and No. 2 Cleveland 
Cliffs oil are entirely satisfactory. Others have not been tried. 

Slight attention to soluble salts and gangue has been given in this 
report. They seemed to cause very little trouble and, therefore, were 
neglected. 

STEPS IN FLOTATION. 


The literature on flotation carries the idea that each ore requires 
a separate and special process. Thus it would seem that we have no 
“flotation process,” only certain ‘‘steps” which are patented and 
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for which royalties are exacted. Hence it was a surprise to find that 
the laboratory work on the Colorado ores could be reduced to a ‘‘proc- 
ess.’’ The following generalizations show to what degree this was 
effected: 

1. Crushing to 120-mesh for the roughing flotation of the mill feed. 
is ample. 

2. By a roughing flotation the extraction of the economic miner- 
als from the mill feed is seldom below 95 per cent. 

3. Low-grade tailings may be obtained by using either one of the 
following two oils: No. 350 Pensacola Tar & Turpentine Co. oil (with 
sodium bicarbonate) or No. 2 Cleveland Cliffs oil. 

4. When it is desired to float fine galena, chalcopyrite, and precious 
metals in advance of the sphalerite, sodium sulphide with one of the 
following reagents is effective: A mixture of coal tar and cresylic 
acid, steam-distilled pine oil, or xylidin. (The Akron‘ore is an ex- 
ception, probably on account of soluble salts.) The sphalerite will 
float freely when No. 2 Cleveland Cliffs oil is used. 

5. Acid dichromate when applied to a product that has been bulk- 
floated (with the proper reagents) has a positive ‘‘deadening”’ effect 
on pyrite and an advantageous deadening effect on galena and pre- 
cious metals. These minerals may be made concentrated effectively 
by gravity methods where their segregation is advantageous. 

6. Unfortunately, chalcopyrite floats in the acid dichromate even 
more freely than does sphalerite. This points to a method for grading 
up the copper in chalcopyrite-pyrite ores. 

7. The same flow sheet, with slight exceptions, had been followed 
in all the laboratory work. 

After the laboratory, comes the pilot mill and then the commercial 
mill. The last offers the only proof of the effectiveness of the others. 

The results of this rapid laboratory survey of the metallurgical 
deportment of the Colorado complex sulphide ores lends hope that 
a satisfactory process of treatment will be forthcoming where an ore 
body is developed enough to justify building an adequate mill com- 
bining gravity concentration and flotation. 


TESTS OF OXIDIZED ORES. 


For convenience the samples of oxidized ores were divided into 
two groups: J. P. Bonardi made an examination of the Esperanza, 
Monon, Manitoba, Commodore, and Bachelor ores; J. C. Williams 
made an examination of the Pony Express, Senorita, Black Girl, 
Wedge, Robert E. Lee, and Dunkin ores. 
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ESPERANZA, AT DEL NORTE. 


The Esperanza mine, near Del Norte, is operated by George D. 
Nickel. 

According to figures submitted by operators a carload of the 
Esperanza selected ore shipped to a smelter gave the following 


analysis: 
Analysis of Esperanza ore. 


ETON as bes eweteSesesoec tech newosa nebo ee saane 4.5 per cent. 
MuO soos swesadstegucuwvsescs adh de cwheece Soseeens 14.4 per cent. 
DNC, 5685. 58'5.o dele Hess bed Se gah MUSEEY Obie ve Thee’ -5 per cent. 
Sulphur <o- sescsade woe peoeticesalatasaxaleetecige .9 per cent. 
BIO oF Secsc cw ck ob tote dee qoksemasinddae eth Ceba 61.6 per cent. 
Goldewicwie as teeesee Seen tins hes Seareee sey aces -08 ounce per ton. 
SilvVerstsietscsswetie skit suunlngote tases eetest cae 33.77 ounces per ton. 


The sample used in the experimental work gave the following 
analysis: 


TrON ss ose rene seSs es chee tele See dademnianeeeeees 3.30 per cent. 
Free) MnO) ssiiso-30 5 ss 55 tise setaicedessauenlacceare 5.45 per cent. 
Totalinahpaneee. <<< 0's ao saci Siains cece ones Sie 5.40 per cent. 
SulpRths ns 354.80 sgtors ac noen ae ht sansusite eager .30 per cent. 
Golds siseceicecsitiaws doe sSaclelis oe dea Akita Gites Trace. 

BULVOE. dsccasseaek qadsas esses beadsessapCus magaee 2] ounces per ton. 


These analyses and the fact that thorough cyanidation gave less 
than 50 per cent of the silver, and the fact that dissolving the MnO, 
in SO, water and washing followed by cyanidation gave a very high 
extraction of the silver (98.5 per cent) show that the ore is, without 
doubt, a refractory manganese-silver ore. 

The Caron-Clevenger process is adapted particularly to such ores. 
The early work on this process was done at the Golden station of the 
Federal Bureau of Mines, and, as the equipment was still available, 
it was used in this investigation. In the Caron-Cleveriger process, 
the crushed ore is subjected to a reducing gas (producer gas, water 
gas, wood gas, or any other reducing agent) as is described in © 
United States Patent No. 1298454, assigned to the Research Cor- 
poration of New York. For the Esperanza ore carbon monoxide, 
made by the incomplete combustion of charcoal, was passed through 
the revolving ore-chamber, after the ore had been heated to the 
proper temperature (600° to 800° C.), to reduce the manganese 
dioxide. During the run the temperature was maintained at about 
800° C. When the excess gas at the outlet of the drum or furnace 
could be ignited by a match, the charge was fully reduced; then the 
gas was passed through for a short period, after which the charge was 
allowed to cool in a reducing atmosphere. 

A small amount (1,000 grams) of minus 4-mesh material was 
reduced in the experimental Caron furnace by carbon monoxide gas 
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at 800° C. Passage of the gas over the hot ore for 45 minutes was 
required before the material was fully reduced, after which the gas 
was passed through the charge for 15 minutes and then the drum 
was lifted out of the furnace and allowed to cool in a reducing atmos- 
phere under the gas pressure from the gasometer. The material 
lost 75 grams. The reduced ore was crushed through 100-mesh, 
and 300 grams of it (no free MnO, present) was thoroughly ground 
with cyanide solution and lime. Then the ground pulp was agitated 
for 17 hours in a separatory funnel by air drawn through the charge 
by an aspirator pump. The silver extraction after this treatment 
was 90.9 per cent with a cyanide consumption of 7.7 pounds NaCN 
per ton. 

Runs were then made to decrease, if possible, the excessive 
cyanide consumption. In one test a part of the minus 100-mesh 
reduced ore was washed with water, then with lime water and 
filtered. The residue was cyanided, the silver extraction being 
85.6 per cent, and the cyanide consumption 5.3 pounds per ton. 
This test was repeated except that the ore was thoroughly ground 
before cyaniding; the silver extraction was 90.0 per cent and the 
cyanide consumption was 3.7 pounds per ton. Evidently cyanida- 
tion of the reduced ore, without washing, for example, to remove 
cyanicides, does not result in low cyanide consumption; however, 
a water wash and thorough grinding decrease the subsequent cyanide 
consumption and maintain the extraction. 

The results show that the Esperanza ore is amenable‘to cyanid- 
ing in fresh solutions, provided it is first reduced either by the 
Caron-Clevenger process or by SO, water. Either method gave a 
90 per cent extraction, or better, with a cyanide consumption of 
about 4 pounds NaCN per ton. 


MONON, AT CREEDE. 


The Monon mine, at Creede, is owned by the Moon Mining Co. 
and is leased by the Wabash Mines & Power Co. The sample of 
Monon ore assayed 13.20 ounces silver per ton. It was crushed 
through 200-mesh and then given a cyanide test by agitation in a 
closed Mason jar. The pulp density was three to one, and the strength 
of the cyanide solution was 3.6 pounds NaCN. Lime was added in 
excess of its solubility. After 12 hours 89 per cent of the silver was 
extracted, and the cyanide consumption was 2.6 pounds per ton of 
ore. After 72 hours, 92.42 per cent of the silver was extracted; 
the cyanide consumption was 4 pounds, and the lime consumption 
was 20.8 pounds per ton of ore. 
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MANITOBA, AT CREEDE. 


The Manitoba mine, near Creede, is operated by the Manitoba 
Leasing Co. The sample of ore assayed 11.66 ounces silver per ton. 
It was crushed through 200-mesh and agitated with cyanide solution 
in a closed jar. The strength of the cyanide solution was 3.6 pounds 
NaCN, and lime was added in excess of its solubility. The pulp 
density was three to one. After 12 hours, 72 per cent of the silver 
.was extracted with a cyanide consumption of 4.1 pounds per ton of 
ore. After 72 hours, 76.4 per cent of the silver was extracted; the 
sodium cyanide and lime consumption were 5.6 and 21.3 pounds per 
ton of ore, respectively. 


COMMODORE, AT CREEDE. 


The Commodore mine, at Creede, is owned by the Commodore 
Mining Co. The sample of ore assayed 13.24 ounces silver per ton. 
The procedure in cyaniding was the same as for the Monon and 
Manitoba ores. After 12 hours, 79 per cent of the silver was extracted 
with a cyanide consumption of 2.6 pounds NaCN per ton of ore. 
After 72 hours, 81.40 per cent of the silver was extracted; the con- 
sumption of cyanide and of lime was 4 pounds and 20.5 pounds per 
ton of ore, respectively. 

A second sample sent to the laboratory for examination analyzed 
higher in silver, 18.22 ounces per ton. Cyanidation in the usual 
manner on minus 150-mesh inaterial gave, after 24 hours, 85.5 per 
cent extraction of the silver. The sodium cyanide consumption was 
3.1 pounds per ton. ‘ 


BACHELOR, AT CREEDE. 


The Bachelor mine, which joins the Commodore mine, is owned 
by the Bachelor Mining Co. This ore analyzed 7.75 ounces of silver 
per ton, 3.27 per cent free MnO, (7.23 per cent total manganese), and 
1.7 per cent iron. Only 30 per cent of the silver could be dissolved 
by the usual procedure of cyaniding. A preliminary treatment in 
sulphurous acid made possible better results. The résidue from this 
treatment after being cyanided 24 hours yielded 65 per cent of the 
silver, with a sodium cyanide consumption of 3.8 pounds per ton of 
ore. 

Because of its free MnO,, and because of its silver content resisting 
cyanidation, this ore may be placed in the refractory manganese- 
silver class. 

To determine the behavior of this ore in the Caron-Clevenger 
process, used for the Esperanza ore (p. 56), 1,000 grams, ground to 
minus 4-mesh, was reduced in the Caron furnace at a temperature 
of about 800° C., 45 minutes of continual passage of carbon monoxide 
gas over the hot ore being necessary for complete reduction. The 
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material lost 55 grams. Two hundred grams of the reduced ore (by 
test, no free MnO, present) was ground through 80-mesh, then ground 
in a laboratory porcelain jar for 4 hours in 600 c. c. of cyanide solu- 
tion (strength, 3.6 pounds per ton) and 2 grams of lime. The ground 
pulp was agitated with air in a separatory flask for 65 hours. The 
silver extraction was 82.2 per cent, and the cyanide consumption was 
23 pounds per ton of ore. 

Unless remedied, the high consumption of cyanide would render 
this process prohibitive for this ore, but probably the cyanide con- 
sumption can be decreased somewhat. No attempt to reduce it was 
made because the tonnage of Bachelor ore is small. Reference to 
the work on the Esperanza ore (p. 56) shows that a high cyanide 
consumption was obtained after reduction, and that a simple wash 
with water before cyanidation decreased the consumption about 50 
per cent. 

PONY EXPRESS, AT CREEDE. 


The sample, representative of the ore exposed in the Pony Express 
mine, Ouray, was furnished by Mr. Clifford E. Wilfley, of Ouray, 
who said he took the sample personally and believed it truly repre- 
sented the metallurgical characteristics and the value of the ore 
exposed. He said that the great importance of the sample was due 
to its representing a well-known type of ore developed in a number 
of mines in the north end of the Ouray mining district. 

The ore is more or less a replacement of a thick limestone stratum. 
A sample of the material used gave the following assays: 

Au, trace; Ag, 18.12 ounces; Cu, 0.08 per cent; Pb, 0.8 per cent; 
Fe, 1.2 per cent; CaO, 6.4 per cent; S, 0.26 per cent; Mn, 0.77 per 
cent. 

All the mineral constituents were not determined. At least some 
of the silver is evidently in the form of a sulphantimonate, as a trace 
of antimony was identified in the solution from leaching the ore with 
caustic soda. 

Arsenic is also very likely in combination with the silver. The 
sulphide minerals, present in small amount, include easily recognized 
galena and pyrite. The iron is largely oxidized, as is the copper, 
and the ore contains an appreciable amount of oxidized lead as 
cerussite. The condition in which the manganese exists was not 
determined. 

Screen analysis shows a close association of the silver and lead; 
each one of the screened products contained almost the same pro- 
portional amounts of each metal. Consequently, the silver probably 
is combined with the lead minerals. 

A standard cyanide solution, used in all tests, was made by dis- 
solving about 30 grams of commercial sodium cyanide (“Cyanegg’’) 
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in 16 liters of saturated lime water. This gave a solution strength 
of 3.6 pounds NaCN and 2.4 pounds CaO per ton of solution. Ore 
crushed in a disk pulverizer to pass 100-mesh was used as the feed 
in all tests. 

One hundred grams of 100-mesh ore was put in a separatory fun- 
nel with 200 c. c. standard cyanide solution and 0.5 gram lime, and 
agitated by air drawn through the pulp for 16 hours, when 100 c. ec. 
additional cyanide solution was added. The agitation was continued 
for 48 hours, giving a total time of agitation of 64 hours. After the 
pulp was filtered, titration of the filtrate indicated a consumption of 
4 pounds NaCN and 16 pounds lime per ton of ore. -The residue was 
washed, dried, and assayed, with the following results: 

Assay feed, 18.12 ounces Ag; assay tailing, 2.23 ounces Ag; extrac- 
tion, 87.7 per cent. 

In the next test the ore (200 grams) was ground 6 hours in cyanide 
solution. The pulp was washed into a separatory funnel. The solu- 
tion was in the ratio of five parts to one of ore, and its cyanide con- 
tent equivalent to 1.1 pounds NaCN per ton. The pulp was agitated 
by air for 16 hours and then filtered. (Total time of treatment, 21 
hours.) Titration of the filtrate indicated a consumption of 4.3 
pounds NaCN per ton of ore. The residue was washed, dried, and 
assayed, with results as follows: 

Assay feed, 18.12 ounces Ag; assay tailing, 1.10 ounces Ag; extrac- 
tion, 93.9 per cent. 

The results of gravity concentration are given in Table 26. Two 
hundred grams of 100-mesh ore was vanned on a plaque. 


TABLE 26.—Gravity concentration of 100-mesh Pony Express ore. 


Lead. 


welant of| Per cent 
Product. products | of total Percent 
J (grams). | weight. of feed 
content. 
Concentrate 14 57 
Malling. 5.2scccavcaceeredse cee detene eat 186 8B 
Totalis.vs.vevaweeedsigecetaasagancass 1 i 1 Oe (4 |S 100 


A heads, Aaiieentaneee ied: jesd, 0.75. 
Assay heads, direct—silver, 18.12; lead, 0.80. 
The tabulated results show an extraction of 51 per cent of the 
silver and 57 per cent of the lead, with a ratio of concentration of 
14.3: 1. 
The tailing from vanning was ground through 200 mesh in a porce- 
lain jar with flint pebbles; it was then filtered, washed, dried, and 
assayed, with this result: 
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Recovery: . Ounces, Ag. . 
Assay feed (vanning tailing)..................2 22-22 ee eee eee eee eee ees 9.72 
Assay cyanide tailing: -..<-5..t6c 00 unis vate osssacess bee nncesvceesecc5a8 0. 47 

Per cent 

Extraction by cyanide (vanner tailing)..............-2.....22.-2-002eee eee 95.1 

Extraction by cyanide (crude ore)...........22.-2-0022ee cece eeeeee cece eee eeees 46.6 

Extraction by concentration (crude ore)............---- Sige ERE DutaSaREE ES DS 51.0 

Extraction by combined concentration and cyaniding. ...........-...-.--..- 97.6 


A preliminary wash in a warm caustic soda solution (1 per cent) 
followed by cyaniding did not show enough advantage to justify its 
application. 

The filtrate from the caustic soda wash contained an appreciable 
amount of lead and a trace of antimony. 

These tests seem to justify further cyanide tests on a larger scale, 
in order to determine suitable conditions for plant operation. Fine 
grinding in cyanide solution followed by air agitation might result in 
a suitable extraction with a consumption of about 3.8 pounds of 
cyanide and 16 of lime per ton of ore. 

Gravity concentration followed by cyaniding of the tailing might 
also be adapted to this ore if material of the mesh used in these tests 
is given careful tabling. 

In none of the experiments was agitation continued for as many 
hours as is usually required in plants cyaniding silver ores. Longer 
agitation might result in a higher extraction. 

SENORITA, BLACK GIRL, AND WEDGE, AT OURAY. 

The samples of ore from the Senorita, Black Girl, and Wedge | 
mines, Ouray district, were somewhat similar to the Pony Express 
sample, but their copper content was higher. They assayed as 
follows: 


Assays of ore from Ouray district. 


Sulphur 
(per 
cent). 


The Senorita and Black Girl samples were almost completely oxi- 
dized; the Wedge contained a considerable amount of sulphide min- 
erals, principally pyrite. The copper in all the samples was largely 
oxidized and was exceedingly detrimental to cyanidation. Tests 
showed an excessive consumption of cyanide and a low extraction 
of the silver. Practically all the cyanide consumption occurred dur- 
ing the first 10 minutes of treatment. The Senorita and Black Girl 
samples contained small amounts of water-soluble sulphates and no 
soluble iron; the Wedge showed a large amount of sulphates and 
ferrous iron. 

96210°—23——_5 
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Screen analysis showed a very clase relationship between the silver 
and lead. The predominant original economic mineral was argen- 
tiferous galena. 

It is evident that before cyaniding can be applied the destructive 
action of the copper must be nullified. Experiments with a saturated 
solution of sulphur dioxide in water as a solvent for copper were 
made. Solution was slow and the consumption of sulphurous acid 
was high. Better results might be obtained if sulphur dioxide gas 
were passed into the pulp. As it was, not enough copper could be 
removed to lower to a suitable degree the cyanide consumption. 

For a gravity concentration test, a sample of Senorita ore that had 
been crushed to about 2-mesh was stagecrushed by rolls through 30- 
mesh, then sized wet on a 100-mesh sieve. One kilogram of the 
minus 30 plus 100 product was tabled on a laboratory Wilfley table 
and 200 grams of the minus 100-mesh product was panned. 

Table 27 shows the screen analysis of the ore. There was no marked 
segregation of any of the three metals in either the coarse or the fine 


material. 
TaBLE 27.—Screen analysis of 30-mesh Senorita ore, 


Lead. Copper. Silver. 
Weight} Ter = > s 
lo fprod-| cent of ‘er 
Product. ucts | total | Assay | cent of] Assay | cent 0 ( caine cent of 
(grams).| weight.| (per | feed | (per | f a a feed 
cent). | con- | cent). con- ton) con- 
tent. tent. | tent. 
F6G0s..y dos yicv vn ote Castetvesvecvasave | 2,025 100 0.6) 100.0 1.30 | 100.0 | 27.88 | 100.0 
—304+100 mesh. ........20.00c0eee0ee | 1,195 50|  .5| 492] 1.22|/ 55.4| 21.06/ 446 
MOO MeSH. wisi. ceaes cases ssseesead 830 41 1,0 68.3 1.42 44.7] 35.46 52.0 
Total. gs tencecessassensesseekaa] , 2025 100'| :dv saved | L175 ils cy 


Table 28 gives the results of gravity concentration of the coarse 
material. The grade of concentrate was fair, as was also the ratio 
of concentration, but the recovery was very poor. A microscopic 
examination of the feed gave the impression that the minerals were 
finely interlocked, but this conclusion was by no means positive, as 
the minerals could not be identified with certainty. 


TABLE 28.—Gravity concentration of minus 30 plus 100-mesh Senorita ore. 


| Lead. Copper. Silver. 
Weight! Per 3 a 
of prod-| cent of . Per er 
Product. ucts total | Assay | cent of} Assay | cent of anes cent of 
\(grams).| weight.) (per feed (per feed . feed 
cent). | con- | cent). | con- sea) con- 
| tent. tent. : tent. 
BeB yaa rig priv apa senses sas vaesae ers | 1,000) 100.0 0.5 Pi 100 1.22 100.0} 21.06 100.0 
Concentrate | 200) 20.0] Lo 40| 3.02| 49.5] 57.12] 54.2 
Tailing 8 ‘< 72 46.3) 12.44 46.0 
} 
Potal ss a-sigtsescedcsatedadzcsa|, OBS) MED) ecsecei|!” OB Ic eeseet 95.8 |........ | 100.2 


» Google 


TESTS OF OXIDIZED ORES. 63 


The grade of the concentrate made from the fine material (see 
Table 29) was much higher than that made from the coarser mate- 
rial, and the ratio of concentration was doubled. The extraction 
was much lower, possibly because of the higher ratio of concentration. 
Evidently the economic minerals were in very small particles, and 
hence were not liberated in the coarse ore, whereas the free mineral 
particles in the fine ore were largely washed away from the coarser 


gangue. 


TABLE 29.—Gravity concentration of minus 100-mesh Senorita ore. 


Lead. Copper. Silver. 
Per 
| cent of Per Per Ascay: | Fer 
total | Assay | cent of | Assay | cent of faurices cent of 
.| Weight.) (per feed (per feed mg feed 
cent). | con- | cent). | con- oat con- 


tent. tent. tent. 


100 1,0} 100.0 1.42! 100.0] 35.46 100.0 


10 3.3 30. 4 5. 20 36, 2 | 147. 02 41.4 
65 i) 30. 8 +75 35.4] 13. 66 25.0 
25 1.2 33. 4 1.71 39.0] 44.98 31.7 


Flotation without the use of chemicals gave encouraging results. 
Sodium sulphide was ‘then used to sulphidize the metallic oxides 
preparatory to flotation (see Tables 30, 31, and 32). Five hundred 
grams of minus 100-mesh ore was ground in a porcelain jar with iron 
balls for 20 minutes with 2 grams of sodium sulphide (fused, 60 per 
cent) and 10 drops of a mixture of 3 parts coal tar to 1 part cresylic 
acid. The charges were floated in a modified M. S. machine with the 
addition of 5 drops G. N. S. No. 5 oil and four drops of P. T. & T. 
No. 350 oil. 


TaBLE 30.—Flotation of Senorita ore after treatment with sodium sulphide, 


Silver. 


Weight P 

. er 
Product. ucts Assay ( ag cent of 

(grams).| weight.) (per feed (per feed SE feed 

cent).| con- | cent). | con- ton) con- 

tent. tent "| tent. 
DOO ose ct cate tesesawewsstenn tance | 50 1.06 100.0 | 26.10 1.0 
Concentrate.......2.....00e0eeeeee es 100 3.35| 63.2] 111.50| 85.5 
oe eee weet ence sccccenecsceccscs 4M) 40 30. 2 4.07 14.3 
ee cccccccccccccvccccesecss| WU) 100 /........ 3B lecoocecs 5 99.8 
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TaBLE 31.—Flotation of Black Girl ore after treatment with sodium sulphide. 


Weight| Per 


of prod-| cent of 
Product. ucts | tota | Assay 


cent) 
Peed sas co5 52s etscassessiseseesussas 500 100 0.50 
—— 
Concentrate... 22... ...ccseesesepeceees 105 21 2.00 | 


Paling. <7 535. scsslsas chess thasensees 395 
Otel soa seswsigc das se cape etead 500 


-10 | 


TABLE 32.—Flotation of Wedg 


Weight 


of prod- 
Product. dete 


(grams), 


Meads) ogecs tue aSatusac gee sessnesecs 500 
‘Concentrate. .15525222.525s53235055322 70 
Talingioos. c2tcssicpesesSsresasesecee 430 


Undoubtedly, the use of sodium sulphide is advantageous in the 
flotation of these ores and the manner of application should be 
studied. As sodium sulphide oxidizes rapidly, its addition to the 
charge just before flotation begins might give better results. 


ROBERT E. LEE AND DUNKIN, AT LEADVILLE. 


The ore from the Robert E. Lee mine assayed 9.18 ounces silver, 
and that from the Dunkin mine, 4.92 ounces silver. 

Tests made by agitating 100-mesh material with air in cyanide 
solution for 24 hours gave the following results: 


Results of cyanidation tests of Robert E. Lee and Dunkin ores. 


NaCN CaO 


Extrac consumed |consumed 


Ore. tion of 
silver. 


Robert E. Lee.... 
Dunkin 


78.7 1.5 3 
75.0 1.5 3 
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Ore ground to pass a 200-mesh sieve showed no higher consumption 
of cyanide and lime, but gave a slightly higher extraction of the silver— 
81 per cent for the Robert E. Lee and 75.5 for the Dunkin. Increas- 
ing the time of agitation to 96 hours gave no higher extraction. 

Cyaniding followed by sulphidizing and flotation would probably 
give very low-grade tailings. 


COMMENTS ON FOREGOING TESTS OF OXIDIZED ORES. 


Eleven oxidized ores were tested. Most of the work, naturally, 
was cyaniding; a few flotation tests were made. The equipment 
and the time available permitted only the most cursory examination. 
There was no opportunity for testing the effectiveness of the ‘‘work- 
ing”’ solutions; although when cyanide consumption is as high as in 
some of the tests, the solution becomes polluted and inactive. Flota- 
tion has the advantage that solutions do not have to be used re- 
peatedly to conserve reagents. The lavish use of abundant fresh 
water is of advantage in flotation, whereas it would cause much loss 
in cyanidation. Consequently, in choosing between flotation and 
cyanidation, the quantity of the available water is an important 
factor. 

The results are encouraging, and justify plans for elaborate tests 
of those ores of which the available tonnage is adequate. : 

In all, 29 ores were examined and their amenability to concentra- 
tion determined as far as time allowed. Doubtless other laboratories 
have done equivalent work, but the results have not been published 
by the participating companies. Such failure to publish results by 
private concerns supplying the funds is no breach of ethics, but 
publication should be encouraged in the interest of the public. 
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PUBLICATIONS ON THE TREATMENT OF ORES. 


A limited supply of the following publications of the Bureau of 
Mines is available for free distribution. Requests for all publications 
can not be granted. Requests for publications should be addressed 
to the Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications 
available for free distribution as well as those obtainable only by 
purchase from the Superintendent of Documents, Government Print- 
ing Office. Interested persons should apply to the Director, Bureau 
of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


Buuietin 104. Extraction and recovery of radium, uranium, and vanadium 
from carnotite, by C. L. Parsons, R. B. Moore, 8. C. Lind, and O. C. Schaefer. 1915. 
124 pp. : 

BuLvetin 133. The wet thiogen process of recovering sulphur from sulphur dioxide 
in smelter gases, a critical study, by A. E. Wells. 1917. 66 pp., 2 pls., 3 figs. 

ButLetTIn 168. Recovery of zinc from low-grade and complex ores, by D. A. 
Lyon and O. C. Ralston. 1919. 145 pp., 23 figs. 

Bu..etin 175. Experiment stations of the Bureau of Mines, by Van. H. Manning. 
1919. 106 pp., 29 pls., 2 figs. 

BULLETIN 186. Investigations of zirconium, by J. W. Marden and M. N. Rich. 
1921. 152 pp., 2 pls., 3 figs. 

Bu.uetin 187. Treatment of tungsten ores of Boulder County, Colo., by J. P. 
Bonardi and J. C. Williams. 1921. 75 pp., 18 pls., 10 figs. 

BuLLETIN 205. Flotation tests of Idaho ores, by C. A. Wright, J.G. Parmalee, and 
J.T. Norton. 1921. 70 pp., 8 pls., 1 figs. 

TecHNICAL PAPER 86. Ore-sampling conditions in the West, by T. R. Woodbridge. 
1916. 96 pp., 5 pls., 17 figs. 

TrecuNicaAL Paper 96. Fume and other losses in condensing quicksilver from 
furnace gases, by L. H. Duschak and C. N. Schuette. 1918. 29 pp., 4 figs. 

TecHNicAL Paper 135. Bibliography of recent literature on flotation of ores, 
January to June, 1916, compiled by D. A. Lyon, O. C. Ralston, F. B. Laney, and 
R. 8S. Lewis. 1917. 20 pp. 

TecuNicAL Paper 149. Answers to questions on the flotation of ores, by O. C. 
Ralston. 1917. 30 pp. 

TrcunicAL Paper 176. Bibliography of recent literature on flotation of ores, July 
1 to December 31, 1916, by D. A. Lyon, O. C. Ralston, F. B. Laney, and R. 8. Lewis. 
1917. 27 pp. 

TecHNIcAL Paper 182. Flotation of chalcopyrite in chalcopyrite-pyrrhotite ores 
of southern Oregon, by Will H. Coghill. 1918. 13 pp., 1 fig. 

TrecHNIcaL Paper 200. Colloids and flotation, by F. G. Moses. 1918. 24 pp. 

TecunicaL Paper 211. Approximate quantitative microscopy of powdered ores, 
by W. H. Coghill and J. P. Bonardi. 1919. 20 pp., 3 pls. 

TecHNnicaAL Paper 225. The vapor pressure of lead chloride, by E. D. Eastman 
and L. H. Duschak. 1919. 16 pp., 2 pls., 2 figs. 
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PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE 
SUPERINTENDENT OF DOCUMENTS. 


BuLietin 70. A preliminary report on uranium, radium, and vanadium, by R. B. 
Moore and K. L. Kithil. 1913. 101 pp., 4 pls., 2 figs. 15 cents. 

BuLLETIN 77. The electric furnace in metallurgical work, by D. A. Lyon, R. M. 
Keeney, and J. F. Cullen. 1914. 216 pp., 56 figs. 25 cents. 

BULLETIN 81. The smelting of copper ores in the electric furnace, by D. A. Lyon 
and R. M. Keeney. 1915. 80 pp., 6 figs. 10 cents. 

BuLietin 98. Report of the Selby Smelter Commission, by J. A. Holmes, E. C. 
Franklin, and R. A. Gould, with reports by associates on the commissioners’ staff. 
1915, 528 pp., 41 pls., 14 figs. $1.25. 

BULLETIN 103. Mining and concentration of carnotite ores, by K. L. Kithil and 
J. A. Davis. 1917. 124 pp., 14 pls., 6 figs. 25 cents. 

ButLeTIn 122. The principles and practice ot sampling metallic metallurgical 
materials, with special reference to the sampling of copper bullion, by Edward Keller. 
1916. 102 pp., 13 pls., 31 figs. 20 cents. 

ButLeTIN 150. Electrodeposition of gold and silver from cyanide solutions, by 
8. B. Christy. 1919. 171 pp., 8 pls., 41 figs. 25 cents. 

Butietin 154. Mining and milling of lead and zinc ores in the Missouri-Kansas- 
Oklahoma zine district, by C. A. Wright and H. A. Buehler. 1918. 134 pp., 17 pls., 
13 figs. 30 cents. 

Buiietin 157. Innovations in the metallurgy of lead, by D. A. Lyon and O. C. 
Ralston. 1918. 176 pp., 13 figs. 20 cents. 

BuLtetin 173. Manganese; uses, preparation, mining costs, manufacture of ferro- 
alloys, by C. M. Weld and others. 1920. 209 pp., 13 figs. 30 cents. 

Bu.erin 184. The manufacture of sulphuric acid in the United States, by A. E. 
Wells and D. E. Fogg. 1920. 216 pp., 13 pls., 36 figs. 40 cents. 

TEcHNIcAL Paper 83. The buying and selling of ores and metallurgical products, 
by C.H. Fulton. 1915. 43 pp. 5 cents. 

TEcHNIcaL Paper 95. Mining and milling of lead and zinc ores in the Wisconsin 
district, Wisconsin, by C. A. Wright. 1915. 39 pp., 2 pls., 5 figs. 10 cents. 

TECHNICAL Paper 143. The ores of copper, lead, gold, and silver, by C. H. Fulton. 
1916. 41 pp. 5 cents. 

: TECHNICAL Paper 198. Sulphur dioxide method for determining copper minerals 
Im partly oxidized ores, by C. E. Van Barneveld and F. 8S. Leaver. 1918. 14 pp., 
lfig. 5 cents. O 
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